








N OTIC! 


NEW EFBIS REPORT ON SOVIET REPUBLIC AFFAIRS 


R . A 
\ n: if 
4 4 > Ke} 5 c 
+ n: Kepi 
te 
f \ ly j 
i ‘ Re] ri x ry ri 
; A t 
\ 
~ 
( he | ’ . 
PRIS Pe Dor Si viel 4 ry R publi iffa / 











Science & Technology 
China 











PRS-CST-% CONTENTS 


AEROSPACE 


Vaniable- Thrust, Multiple-Restart Liquid Rocket Engine Developed 
Li Wei; KEJI RIBAO, 29 Mar 9: 
New Technical Details on Long March 4 Launch Vehicle 
tu Xinhua, SHIJIE DAODAN YUL HANGTIAN, Jan 91 
Developments in Thermal Intrared Camoutlaging Materials 
Li Xinhua, Meng Xiaoxong, et al; YUHANG XUEBAO, No 1, Jan 91 
Design of a BIT Missile Control System and Full Trajectory Numerical Simulations 
Luan Zewel; YUHANG XUEBAO, Jan 91 
Numerical Analysis of Thrust Termination Process in Solid Rocket Motors 
hie Weimin, Zhou Jinxian, et al; YUHANG XUEBAO, Jan 91 
Study of the Structures and Properties of Al,O,/ZL109 Composites 
Zhou Bide, Liu Zheng, et al.; YUHANG XUEBAO, Jan 91 
Ax1al EM Scattering and Shape Optimization of Reflectors 
Deng Shuhui, Ruan Yingzheng; YUHANG XUEBAO, Jan 91 


_" 


DEFENSE R&D 


Development of Electromagnetic-Pulse Simulators 

Pene Guixin, SHIJIE DAODAN YL HANGTTIAN. Nov Yi 
New Kind of Sonar Signa! Processor Described 

Cai Huizhi, et al; SHENGXUCE XUEBAO, No 6, Nov 9 
Domestic Millimeter-Wave Guidance Technok £\ 

Liu Lugin, SHIJIE DAODAN YU HANGTIAN, Jan 91 


China’s TT&C Network /Yang Zhenming; SHIJIE DAODAN YU HANGTIAN, Nov 90 


ADVANCED MATERIALS 


Growth ot Single Crystals of Ytrrium Orthoaluminate Doped With Erbium Ions 
Li Gansheng, Lu Jian, GLISUANYAN XUEBAO, Dec 90) 

Growth of Photoretractive Crystal KIN by Flux Pulling Method 
Liu Yaogang, Guan Qingcal, GUISUANYAN XUEBAO, Dec 90 


COMPUTERS 


Military Distributee Real-Time Operating System Developed 


i 
Zhang Hancai; ZHONGGUO DIANZI BAO, 15 Feb ¥1 
LASERS, SENSORS, OPTICS 


Experimental Research on “Dual-Target Butt Joint” Ne-Like Ge High-Gain Soft X-Ray Laset 

Wang Shit, Gu Yuan, et al; ZHONGGUO KEXUE, Feb 91] 
| .0-1.7-Micron-Wavelength InGaAs/InGaAsP/InP SAGM APD Developed 

Ll: Feng, Wang Shutang, et al, HONGW AI YU HAOMIBO XUEBAO, No 1, Feb 91) 
New Method of Track Processing HF Skywave OTH-B Radar 

Jiao Peinan, DIANZI XUEBAO, Jan 91) | 
Computer Simulation of Digital Compensation tor Radar Transmitted Signals 

vie Yin, Mao Yuhai; DIANZI XUEBAO, Jan 91) | 
Spaceborne SAR Imagery Processing /Li Chunsneng, Li Jingwen; DIANZI XUEBAO, Jan 91 
Simultaneous Motion Compensation, Radar Imaging 

Wu Xiaoging, Zhu Zhaoda; DIANZI XUEBAO, Jan 91] | 
1\OKW-Level CO, Laser Unveiled /Huang Xin; ZHONGGUO KEXUE BAO, 22 Feb 91] 
State-of-the-Art YAG Laser Zhu Yuquan, RENMIN RIBAO, S§ Nov 90] 


~ 





29 Optoelectronics Projects Accredited /Ren Guangquan; ZHONGGL O DIANZI BAO, 17 Feb 
New Dye Laser Used in Eve Treatment /Cai Dashu;: ZHONGGUO KEXUE BAO, § Feb 91] 


Y]/ 


as aed 
a 


‘si te 


A 


> 


7 ee ee ed 


a> 


IPRS-CST-91-010 
17 May 199] ? China 


VIICROELECTRONICS 


GaAs AlGaAs DH Lasers Fabricated on Space-Grown Si-GaAs Mor stalline Subst 


Shi Zhiwen, Luo Liping, and Lin Lanyinge; BANDAOTI XUEBAO, O S 
sign of 2 GHz GaAs Frequency Divider VHSI( 
Shi Changxin, Wang Qingxang, et al, BANDAOTI ALCEBA ker ' 


1g 
Reports of Domestic R&D of Integrated Circuits 44 
29 Research Projects Pass Acceptance Check 
Lie Yannan, ZHONGGLO DIANZI BAO, 13 Feb Y: 44 
GaAs Monolithic Optical Receiver, InGaAs Monolithic Receive 
Yiao Yuanzhen; ZHONGGUO DIANZI BAO, 22 ! $4 
[wo Key Research Projects Pass Appraisa Zhou Axin; Al RIBA 6 | , 44 
Ettect of Annealing Damages on Luminescences of Er, Yb-Implanted GaAs and | 
Cao Wanghe, Chang Liansu; BANDAOTI XUEBAO, Feb 14 
Annealing Properties of TiSi,/GaAs Schottky Contac 
VYian He, Luo Jinsheng; BANDAOTI XUEBAO, Feb Y! $5 
Optical Bistability in a GaAs/GaAlAs Multi-Quantum Wé<¢ MOW) Selt-Elect ptic Effect Device 
SEED) /Wu Ronghan, Duan Hailong, et al; BANDAOTI XULEBAO. ! / 3 
Photo-EPR Study of Cr°*(3d-) State in GaAs:( 
Vfao Jinchang, Fu Jishi, et al; BANDAOTI XUEBAO, Feb % +5 


7 


? 


iS 


SLPERCONDUCTIVITY 


rrepa!l il n of High-J Y Ba ( sy Super nducting It Nn I ms t i D iT] Spult ring Wel Sil 


puoliang, Ren Congxin, et al; DIWEN WHULI XUEBA 2) 4 
Estimate of Critical Current Density on High-Temperature Superconductor Composite of Metal Matrix 
Ding Shiving, Zeng Chaoyang; DIWEN WULI XUEBAO ; 


C rik 4 
Preparation of 125K TIBaCaCuO Superconductor and Its Tc Degradat 
Zheng, Ding Shiying, et al; DIWEN WULI XUEBAO, Jan Y 4¢ 
, 12T NboTi-Nb,Sn Hybnd Superconducting Magnet System 
en Zonerhi, Pan Qian, et al; DIWEN WULI XUEBAO, Ja 4¢ 
paration of Densified Bi-Sr-Ca-Cu-O Superconducto 
Zhao Meivu, Li Chengen, et al; GUISUANYAN XUEBAO, Di 4¢ 
High- Temperature Oxide Superconductor Double-Hole RF-SQUID 
hu Jingewu, Zhang Nianfeng, et al; DIWEN WULI XUEBAO, J 4 
Long-Pulse Laser Deposition Used to Prepare YBCO Thin Film With SSK Transition Temperature 
Gao Longegiao; ZHONGGUO DIANZI BAO, 24 Feb 91 4 


le ¢ 


PELECOMMUNICATIONS R&D 


First Domestically Made DSS Optical Terminal Unveiled /}7 Be SUANJI SHIJ/E, 13 Mar % 4 
Reports on Fiber Optic Communications Technology, Projects 4 
DSS BER Analyzer, Other Equipment Accredited /HWaneg Li; DIANXIN JISHU, Mar 91 4 
Shanghai-Nanjing Line, Feeder Line Approved /Jin Yugi, DIANXIN JISHU, Mar 9] 4 
Yong’an-Xiamen Line in Fujian Under Construction /Chen Min: DIANXIN JISHU, Mar 91 48 
Shanghai Satellite Ground Station Installs IDR Equipment, Provides International Services 
Shen Xin; DIANXIN JISHU, Feb 91 4} 
Additional DMW Line Added Into Jiangsu Rural Telephone Network 
lin Yugi; DIANXIN JISHU, Feb 91 49 


’ in? oie? ome: 


PHYSICS 


Prospective Development of High-Flux Engineering Test Reactor 
Hu Yinghua, Bu Yonex, et al; HE DONGLI GONGCHENG, 10 Dec ) 
Nation’s First Pulsed Reactor Goes Critical /Zhang Zuhuang; GUANGMING RIBAO, 12 Jan 91 $3 
Beijing Positron-Electron Collider Update +4 
3.5 Million J Particle Events /Chen Jinwu, ANHUT RIBAO, 7 Dec Y 54 
Collider Said To Be at Advanced World Levels /HWange Dianchen; RENMIN RIBAO. 28 Jan Y $4 








IPRS-CST-91-010 
1” Nilay 199] 


\ariable- Thrust, Multiple-Restart Liquid Rocket 
I nine Developed 


ARROSPACE 





, j | » » | | ry 
4 Be an Al fj RIB id) /N¢ lf \¢ i 1\; v ' 
) | r ( \ 4 r ?f <« heer 
; J by ’ / >'* . i \ ‘ a vA 
\f) ‘er ) Da4ll ) nC AINESE , Via Jj . 
SUA esstu ) ‘ be x I \ ] se 
‘ 1 5 as _ 5 . . > Sci LC Les S \ I \ ) ; ATT 
\ e by Li Weir [2621 1792 Variable- Thrust Liquid "4 
‘ ; yay ’ [ = s Va % MANTA re | i ters al 
Rocket Engine Developed ' : ; 
ying capa d subsysten pos t the Long 
, ’ | > , 
lext}] Changsha Mar—The multiple-restart, bip1 March 4 L\ MW SIS Ol CSUITS OF ITS 
’ nt . tad var} hie thr ’ TTT. rf ’ | St tlig < as \ t ' c 
Wit) PCRUIAICa arial i inrust PmYwul OCAC I , 
izgine de veloped OVOCT a )-Vear-plus period by a | a CT 
Sil t Science and Technology tor National Detense Rey le Long Ma ™ :, 
search team headed by Prot. Chen Qizh 11S r Mf \ 
, (n sed , f \ 
, . 1 the . woh ni ' , yaa 4 bo ‘ ‘ ¢ 
» VassSCU ine forma! technical appralSai Organ Lu 0 ‘ 
as FT ? ’ ’ ’ ; 
. . : T Die § I CAD S ‘ es. W eral ,ink SU 
National Detense Commission of Science. Tech iin , " . 
' : 
In ; try r h ,och ? | | ” mnoin CeCSS I a \ SCS | f i x \{ i . | \ WaS aif 
= &j& huUS| ’ in ( nangsna Oda riiS Clie! \ vA 
ani } Successtully used i nN SIX Beos I ous mm 
WIGE applications In CONUO! ot space auncn ver >" . 
yiCcation te yr Sen 8&8 and 3 Sen 9 Chin 
ind ant _ : A ; : Callions Sate S. ( C ( ‘ a ais 
es and other spacecraft, and can be used to create new . Mf 
+ | ry *\ 
j 7 —_ a ‘ “ ; : - - " . SULLOUSSIU SA i k a - I au WO 
. apparatus IOT effecting attitude contro Cnal *\. 7 
4 met gical Sa 5 Th | o Vf h 4 LV is ar 
L ‘ . A. ” . . . . -eae } ” . v La \ A \ ‘ < 
it jie. Ordil-raising and maneuvering), space 
, _ } pensive tnree-stage . Ses conventiona 
King lerception, planetary observation, sot ~t —. . 
: sons nt tis nal ‘ . oo Seren on 
ling of manned spacecraft, and other functions ee : ain a 
a in . . - on’ . j ' DAK { al Sil 11S | T ariy We 
Sing eX sting equipment, Prot. ¢ hen's team depen : , 
ta. > r rr ? 
——— on - ~~ oA on e: . SUTLOK at eK Sait S s S S OoTrodlls 
1K » developed data-acquisition and real-time pro- 
. +? ' +h ; + 4 | g Dp 0 > I 7 i Si S \ Laun n 
Ssing sottware, Saving tens Of thousands OF vuan | 1 
? ? mY > y ‘ a r } , > “~ ? +} r ( Cl tc 
erts at the appraisal unanimously agreed that the new 
ACL Cie nes principa tecnnica! pertorn ance ndica- TI 6° one ’ j : Cok ' \ 4 \ - 
: . : 3 4 St al iU S¢ SiadkCS { i x la \ 4 | Were 
TS Ct YS S international Standards : . . 
| . ry 41 +. > tho + C c ) < + tt | ne 
Lil v CU \ . . \ axl .< ( ik 
. 
. . March 3 LV. 1 ise 1g capacity, the ground 
New Technical Details on Long March 4 Launch eeset oul at-atane ennine was increased from 2 74 
. i 4 ‘ 4 \ is \ wa Ye YA \ i - 
\ ehicle ~ ‘ 7) } Th , _* ebm 
kiloNewtons (kN kN. ] yropelia storage 
Lol 4A 4 . y J J J J ry , - — ‘ ~*~ ] . 
454 Beying SHIJIE DAODAN YL HANGTIAN ank of the first stage was made 4 meters longer, and the 
ay rr oy »4LT ; sae y 7 — -_% . a} { te thir 7 
' SSILES & S/ 1¢ ki R {i} i nt CUnInesé \ j im ¥ propelia Was Increased DV 4 Ss Its Gg Stage Was 
f newly developed. A tt wa nmon-bottom fuel tank 
and ligntwe ent engine Si capsule [orc anster Struc 
‘ cie DY LO 12 March 4 launcn Venicie cniel adesig .< Was id ip ed a d “ < k > ip iC | o1direc 
= 177 17 472) naha; te , - ' . ' tal] 
Xu X a | 0 5478] of the Shanghai Elect ii SWIVE 2 e. gimdaied pines! were instalied 
+> st) »- ** no } { n T . . 9 ' | ' . ] -~ 
cal Equipment Institute: “Long March 4 Launc! The ext tf the Long March 4 LV and its basic 
y paran ers are Qive 1 Figure ind Table 
_. Dp : . 
Table 1. Basic Parameters of Long March 4 Rocket 
Name LU nits First stage Second stage Lhird stage 
Main engine Floating engine 


Meters S44 89° 


+ + 
“ as gr < Q 
+ + 
2 S KN 
+ + 











JPRS-CST-91-010 
17 May 1991 


, 


AEROSPACE 





ThRiwreaect . - ay 
inira oLapZ_t LU 


Payload fairing 





inird-stage Ox1d1Z - 


k -oFf + + . I4n oY 
FIYrSt-Staxve OALIGLIEL£S 


















Interstaje section between 
r~ second and third stages 








Second-stage engine 


Interstage bolts 





fin 


Figure 1. Exterior of the Long March 4 LV 





The Long March 4 LV has a wide range of uses. | 
current conditions, its carrying capacity into 
orbit (LEQ) (perigee altitude 200 kilometers, apogee alti- 
tude 400 kilometers) 1s 4,000 kilograms. Its carrying 
capacity for a 901-kilometer-high sun-synchronous orbit is 
1,500 kilograms. Its first and second substages can be 
combined to make a two-stage rocket 


nde! 
low-Earth 


This two-stage 


rocket has a payload carrying capacity of 3,100 kilograms 
when launching into a 200-kilometer-high 70° inclination 
LEQ. Figure 2 and Table 2 show the carrying capacity of 
the Long March 4 LV for various orbits. If a solid booster 
with a thrust of 559 KN 1s strapped on to the first stage of 
the Long March 4 LV, its carrying capacity into LEO can 
increase to 6,300 kilograms. 
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Figure 2. Carrying Capacity of the Long March 4 L\ 








Table 2. Carrying Capacity of Long March 4 LV for 


Various Orbits 





Apogee Payload (kilograms) 














(kilome- 
ters) 
Perigee (kilometers) 
200 
Inclination (degrees) 
4 7 4 
20 4.874 4 348 
UK 4844 4 313 
aa + Da Vee = s 
4X 4.799 4243 4.264 
—_ _j Se aa © — 
sm 4739 4 198 4>19 
_ aa — —_———— ——__—_____——_ > — 
Ai 4 684 4183 41589 
7M 4629 4 098 4099 
4.569 4.043 4.039 
Qn 4519 3993 4 URY 
. 4.464 3933 3,929 





I. System composition 


] 


|. First stage 


The structure of the first stage of the rocket is composed 
of an interstage section, oxidizer tank, intertank section 
fuel tank, final transition section, tail, and tail fins. 


The first-stage engine is composed of four independently 
operating single engines capable of tangential movement 
that are connected in parallel by a rack. They have a total! 
thrust of 2,971 kN (on the ground) and a specific impulse 
of 2,550 meters/second. The total mass of the engine is 
no greater than 2,850 kilograms. The maximum permis- 
sible swing angle 1s +- 8 degrees. The thrust chamber area 
ratio 1s 12.69 and the area of the thrust chamber nozzle 
outlet 1s 7,728.6 square centimeters. 


The oxidizer tank has a total length of 9.32 meters and a 
diameter of 3.35 meters. Its total volume is 81,170 liters 
and its structural mass is |,970 kilograms. The fuel tank 
has a total length of 8.229 meters and a diameter of 3.35 
meters. Its total volume is 76,490 liters and its structural 
mass is 1.830 kilograms 
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Figure 4. Exterior and Effective Space of Type-B Pay- 
load Fairing for Long March 4 
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module by another 
second payload are shown in Figure 5 


After the rocket enters orbit, it first separates from the 
first payload and after making an attitude readjustment 
it jettisons the transition module B and the pavload 
support module. Then, the rocket readjusts 
attitude in the direction required by the payload and 


‘ 
separates trom the second payload 


Il. Analysis of the Results of the First Trial Rocket 
Launch 


The measurement and control system carried out stable 
tracking measurements of the rocket’s flight. The telem- 
etry system obtained telemetry parameters throughout 
the entire flight, including pressure, temperature, vibra- 
tion, instructions, flow rates, and so on 


adapter. The dimensions of the 


The LV stably followed the predetermined orbital track 
during its flight The thrust and specific mpuise of the 
engines of each stage were within the required range and 
they carried Out Startup and 
requirements. Interstage separation of each of the stages 

rocket were 
normal. The precision of orbital! entry met design require 
ments. The maximum attitude angle during first-stage 
flight a appear red al supersonic speed and the maximum 
dynamic pressure region. The maximum attitude angle 
was 0.73 degree. There was very little attitude drift at orbit 
entry. about 0.2 degree. Because the design adopted pres- 
sure storage vessel suppression of longitudinal coupling 
oscillation (POGO) measures, POGO oscillations wer 
is isly eluminated during flight 


in 7. rcs > " 
shutdc wn according LO 


and Separation of the Satellite from tne 


The orbital deviations of the first flignt test were: per- 
odic deviation -5.24 seconds, 
003, and orbital inclination deviation 0.11 degree 


eccentricity deviation 


Analysis of data on the launch orbit obtained thr ough 
measurements and data on the propulsion system indi- 
cated the carrying capacity of the Long March 4 L\ 
could be as much as 1,500 kilograms (actual amount 


carned) for a 901-kilometer sun- -synchronous orbit 


Taken at the TT&C Center, the results of orbital tracking 
measurements of the meen FY-1! satellite launched by 
the Long March 4 LV showed that the orbital deviation 
of the second flight test was: pero dic deviation 1.36 


seconds. eccentricity deviation W006, and orbital 
inclination deviation U.O58 degree 


lll. Carrying Performance and Range of Applications 


Because consideration was given to the need for a la g 
range of applications when the program for the Long 
March 4 LV was formulated, it is capable of launching 
satellites into sun-synchronous and polar orbits as well as 
nto geosyn chronous transfer orbits Its performance 1s 
also quite good 1n launching satellites into LEO. The Lon 
March 4 LV 1s suitable for launch from China’s Taivuan 
Xichang, and Jiuquan satellite launch site facilities 


Strapping on ¢ technically mature solid booster to the first 
stage of the Long March 4 LV can substantially increase its 
carrying capacity. This solid booster is 1.4 meters in 
diameter and 7 meters long. It has an av erage thrust of $59 
kN, a specific impulse of 2,380 meters/second, and an 
operating time of about 66 seconds. When six of these solid 
boosters are strapped on to the Long March 4 LV, the 
pavioad carry ing capacity into a polar orbit with a perigee 
of 200 kilometers and an apogee of 400 kilometers can be 
700 kilograms. The carrying capacity can be 
kilograms when 


creased to §, 
increased to 6,300 
trapped aq on 


eight boosters are 


In addition, to take full advantage of the performance of 
the Long March 4 LV and reduce the launch cost per 
kilogram of payload, — iS now Reso yin: to further 


d equipment, uti- 


ize smaller-volume and lighter- aaa inertial guidance 
equipment, and further 


improve engine performance 
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Development of Electromagnetic-Pulse Simulators 


YIFEOQSSB Beiyine SHIJIE DAODAN YU HANGTIAN 
(MISSILES & SPACECRAFT] in Chinese No 11 
Nov 90 pp 44-47 


[Article by Peng Guixin [1756 6311 2450] of the Beying 
Overall Institute of Electronic Engineering: “Develop- 
ment of Electromagnetic-Pulse Simulators’ 


[Text] In the past decade, China has focussed its nuclear 
weapons research on pulsed power sources. Electromag- 
netic pulse (EMP) simulation has been responsible for 
the development of a class of pulsed-power systems. This 
paper provides a general survey of pulsed-power tech- 
nology with emphasis on special applications of EMP 
simulation. In addition, several classic simulators are 
briefly described. 


With rapid advances in electronics, electromagnetic 
interference and electromagnetic compatibility are 
becoming ever more important. Electromagnetic pulse 
(EMP) testing is mandatory for electronic devices that 
are intended to survive a nuclear attack. EMP simulators 
are basic tools to complete simulated nuclear EMP 
experiments 


Nuclear EMP experiments should be planned 
throughout the entire design and various stages of pro- 
duction process. Different stages have different objec- 
tives. In order to meet these objectives, different simu- 
lators are required. For example, in product evaluation, 
a powertul simulator is needed. In the design stage, to 
look for an interference coupling mechanism and weak 
links, a low-voltage repetitive simulator should be used 
to raise efficiency. Therefore, there is a need for a series 
of simulators 


Although there are a variety of EMP simulators for 
different applications, they all have the following 
common characteristics 


Fast rise time: The high-frequency component of the 
pulse is determined by the rise time. It should be 
approximately 10 nanoseconds. The definition is the 
time required for the leading edge to reach from 10 
percent to 90 percent of maximum amplitude 


High field strength: 10% - 10° Volt/m 


Slow decay tume: High-altitude explosion requires about 
| microsecond. In low-altitude or ground explosions, the 
tail is several tens of microseconds. Decay time 1s 
defined as time to drop off to 10 percent of peak value 


Relatively uniform electric field: With respect to the 
object under test, 1t should be a plane wave 


They should all provide the user with a well-shielded 
measurement chamber stocked with recording and con- 
trol equipment, this equipment must be safe and reli- 
able. 


Let us introduce several EMP simulators available in 
(hina 
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I. Bounded-Wave EMP Simulators 


[heir unique feature is that it 1s capable of confining its 
energy within a finite space along the transmission line 
The amount of outward radiation 1s very small. 


|. DM-140 EMP Simulator 


The DM-140 1s a vertically polarized small bounded- 
wave simulator, primarily for simulating electromag- 
netic pulses generated by low-altitude or ground nuclear 
explosion. Its operating principle is to use a high-voltage 
dc power supply to charge a low-inductance energy- 
Storage capacitor. After reaching the required voltage, 11 
is discharged through a parallel plate transmission line 
by a high-voltage gas-filled switch to generate a trans- 
verse EMP. Its electric field is inversely proportional to 
the heigiit of the transmission line and proportional to 
the operating voltage. The width of the leading edge of 
the discharge pulse, 1.e., rise time, 1s governed by the 
inductance of the capacitor and the fast switch. The 
trailing edge of the pulse is determined by an exponential! 
decay process whose time constant 1s the product of the 
capacitance and the impedance of the transmission line. 
The so-called work space is at the middle of the parallel 
plate transmission line where the tested object is placed. 
In reality, a transmission line cannot be infinitely long. 
Therefore, an electromagnetic wave will reflect at the 
end and disrupt the field in the work space. It even may 
destroy the high-voltage insulation at the starting end. 
Therefore, it 1s necessary to add a load at the terminating 
end of the transmission line to match with the transmis- 
sion line. 


The dc high voltage is produced by ac rectification and 
then converted into 4 kHz intermediate-frequency (IF) 
oscillation. An IF high-voltage transformer is used to 
raise voltage. This is followed by a voltage-multiplying 
rectifier which outputs a dc high voltage of up to 200,000 
volts (200 kV). 


rhe high-speed switch is a nitrogen-filled spark gap with 
flat electrodes. The gap is continuously adjustable from 0 
to 10 mm. Its operating pressure 1s continuously adyjust- 
able from 0 to 10 atm. The external case is made of 
Nylon 6 and it 1s 200 mm long and can withstand 
200,000 volts. 


The transmission consists of the work space and two 
converter segments which are connected to the high- 
voltage source and terminal (load), respectively. In order 
to ensure that the converter segment has the same wave 
impedance as that of the work space, it 1s necessary to 
require that the height-to-width ratio at any cross section 
along the transmission line remains unchanged 


The transmission line of the DM-140 is made of alu- 
minum plates. In addition to resistance to high voltage 
and high power, the terminal load must have no induc- 
tance. It is usually made of copper sulfate solution. 
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Figure 1. Schematic Diagram of the DM-140 EMP Simulator 





The DM-140 simulator is equipped with a shielded 
measurement chamber and a control room. The mea- 
surement chamber is a hexagon made of 3-mm-thick 
steel plate. Electrical contact between the iron door and 
the walls is made through springs. At a low frequency 
such as 10 kHz, the shielding coefficient is approxi- 
mately 80 dB, and approximately 60 dB by the door. In 
order to prevent series interference from the power 
source, it 1s delivered into the room through a DL-150 
power-supply filter. The area of the testing room is 2 x 4 
m. It is equipped with a movable three-tier instrument 
rack. 


In order to ensure the safety of operators, the control 
room is made of double-layer sheet metal with excellent 
grounding. The control room and testing room are 
connected by an intercom. 


Between the work space and testing room, there is a 
special cable conduit. It is equipped with high-frequency 
symmetrical (1.e., balanced) cable, 19-core high- 
frequency coaxial cable and 75-ohm, 50-ohm, and 100- 
ohm high-frequency coaxial cable for the users. 


The recording instruments include a Phillips 50-MHz 
oscilloscope, and Tektronix 7834 storage oscilloscopes at 
466 and 300 MHz. 


The rise time of this simulator is approximately 10 
nanoseconds, pulse width is 10 - 30 microseconds, and 
the electric field strength is 100,000 V/m. The work 
space is 1.5 x 1.5 x 1.5 m. The pulse may be repeated at 
an interval of less than one minute. Furthermore, iis 
electric field strength and pulse width may be adjusted 
based on user demand. 


2. DM-1200 EMP Simulator 


This is a medium-scale bounded-wave simulator and 1s 
used to simulate EMP generated by a high-altitude 
nuclear explosion. Its major components include a 
|,200-kV high-voltage pulse source, an electric-field illu- 
minator composed of a transition segment and a work 


space, the terminal load, the underground shielded mea- 
surement chamber and suitable control and diagnostic 


equipment, as shown in Figure 2. 


Major technical specifications for the DM-1 200 are: 
work space - 8.4 x 8.4 x 8.4 m. 

electric field strength - 100,000 V/m. 

pulse leading edge - 10 ns (10 percent to 90 percent). 
pulse width - | microsecond (90 percent - 10 percent). 


The high-voltage pulse source 1s a 1,200 kV Marx gen- 
erator. A +/-100-kV dc high-voltage source is used to 
charge 11 110-kV high-voltage pulse capacitors. With a 
triggering pulse, six spark gaps filled with N, and SF, are 
discharged serially to obtain a voltage as high as 1200 
kV. The de high-voltage source is composed of an 
experimental 100-kV transformer, moving-coil voltage 
regulator, and high-voltage silicon pile. 


For each stage, the capacitance is 0.033 uF and induc- 
tance 1s 300 nH. The unit is a cylinder, 22 cm in 
diameter and 50 cm in length. An S-shaped circuit 1s 
formed by connecting six spark gaps (gas-filled) together. 
The use of sharpened capacitor(s) and a high-speed 
switch is to ensure that the rise time is less than 10 ns. 
The switch, made of nylon, is 22 cm long and 13 cm in 
diameter. The flat electrode is 4 cm in diameter and 1s 
made of brass. 


The charging resistor is made of CuSO, solution con- 
tained in a Plexiglass tube. The entire Marx generator is 
compactly hung over the cover of an oil container which 
is | m wide, 1.35 m high and 3.2 m long. The overall 
inductance is 7 pH and total series resistance 1s 4.5 ohm. 


The sharpened capacitor for the DM-1200 has a coaxial 
structural design. It consists of cylinders and hem- 
spheres. The inner diameter is 26 cm and outer diameter 
is 34 cm. The cylindrical part, 23 cm long, 1s oil- 
insulated. An open structure 1s used to avoid insulation 
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Figure 2. DM-1200 EMP Simulator 





difficulty at the external case; i.e., it is suspended in the 
oil tank of the Marx generator by a nylon rope. The 
capacitance, which can be changed by adjusting the 
nylon lever to vary the overlap between the inner and 
outer cylinders, is 229 pF. 


The electric field illuminator (transmission line) is 40 m 
long and 8.5 m high. It is supported by 43 fiberglass rods. 
The impedance of the transmission line, 165 ohms, is a 
function of the height-to-width ratio. The terminal load 
is composed of six CuSO, resistors in a parallel ring 
structure; its total resistance is 165 ohms. It is stored in 
a temperature-regulated box with heaters to ensure its 
use In winter time. 


In addition to its main structure (high-voltage power 
supply, transmission line, terminal load), the DM-1 200 
also has an improved control system and a high-voltage 
and electric-field measurement system, and a top-class 
shielded measurement chamber. 


The function of the control system is to control the 
normal operation of the entire experimental station, 
such as start-up, charging, operation of recorders, mon- 
itoring of the work space and basement, and ensuring 


safety. The control system is also equipped with a safe 
and reliable trigger. The experimental station has a 
number of 100-MHz single-sweep storage oscilloscopes. 
Based on the need, they are connected by electrical or 
optical cables to the basement measurement chamber. 
The measurement chamber and control room are com- 
pletely shielded. The measurement chamber is beneath 
the work space with 20 m? of space. It has a 3 kW power 
supply and 1s well shielded. Between | kHz and 10,000 
MHz [10 GHz], there is an attenuation of 100 dB. In 
order to prevent electromagnetic interference introduced 
by the power supply, a motor-generator assembly is used 
to generate its own power below the measurement 
chamber. The driving shaft 1s also insulated. The control 
room was welded together with sheet metal. Its power 
supply is also filtered and surge-protected. In addition, 
there is a dark room and work room for laboratory 
personnel. Two flood lights are provided in the work 
space for night-time experiments. 

II. Radiation-Wave EMP Simulators 

This type of simulator emits electromagnetic energy into 
free space to generate an electromagnetic field over a 


relatively large space around the antenna to perform 
EMP experiments with large, scattered and fixed targets. 
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|. Large Mobile Radiation-wave EMP Simulator 


Large mobile radiation-wave EMP simulators are used to 
simulate the EMP from a high-altitude nuclear explosion. 
A cage-type double cone and cylinder-shaped horizontal 
dipole antenna is used as the radiation body. The antenna 
diameter is approximately 6 m. It consists of 40 modules. 
Its total length is 300 m and it 1s 20 m above ground. Its 
function is to convert gigavolt high-voltage electrical 
energy into a radiative-type electromagnetic field. It is an 


ideal tool to test and evaluate the EMP resistance of 


ground radar stations, communications and command 
centers, guided-missile sites and other large fixed facilities. 
The experimental range is SO m x 100 m or larger. The 
minimum electric field strength is | x 10° V/m. The 
leading edge of the pulse is 10 ns and its width 1s greater 
than 700 ns. 


The antenna 1s a hybrid type. The double cone part is a 
high-frequency transmitter which provides the leading 
edge of the pulse. The cylinder part provides the trailing 
edge. The entire antenna is a dipole. Due to different 
experimental zones and incident angles, it was designed 
to be a horizontal dipole. Its terminating end 1s grounded 
through a non-inductive matching load. 


The pulse source of a large mobile EMP simulator can 
store energy in a short period of time and then release it 
instantaneously to obtain a high-power pulse. This 1s an 
important device in a simulator. Its performance can 
directly affect the technical specifications of the simulator. 
The pulse source is a highly difficult and costly system. It 
consists of two Marx generators, a pulse-sharpening cir- 
cuit, and a triggering system. The two 2-MV Marx gener- 
ators have symmetric voltage outputs, but opposite in 
polarity. They are placed in the two cones, respectively. 
Because the Marx generator itself has significant induc- 
tance, it 1s not able to deliver a fast-rising current pulse. 
Therefore, a sharpening capacitor Cp and a 4-MV output 
switch are used to sharpen the waveform produced by the 
Marx generator 


The working procedure for the control and testing system 
is as follows. The ground control desk controls gas sources 
to make sure that all switches in the pulse source reach 
their operating pressure. Hydraulic pumps are turned on to 
operate the power generator. The system also controls the 
+/-SO kV de high-voltage source to charge the Marx gener- 
ators. All equipment is put on standby. Ground-issued 
trigger control signals are transmitted by fiber optic cable 
to trigger the Marx generators to discharge the pulse 
source. 


The testing system works as follows: When the Marx 
generators are charging, if they operate at rated voltage, it 
is necessary to measure the charging voltage to prevent it 
from exceeding the rated voltage of the capacitor. During 
discharge, the pulse voltage or current across the sharp- 
ening capacitor is monitored. An oscilloscope 1s used to 


observe the synchronization between the two pulse gener- 
ators in order to adjust the trigger delay to obtain a 
synchronized output 
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2. DMF-600 Mobile Radiation Simulator 


This is a medium-size mobile radiation-wave EMP simu- 
lator. The radiation body is an antenna comprised of a 
caged double cone and a dipole. The overall length of the 


antenna is 2 x 150 m and it is 20 m above ground. Its 


diameter 1s 2.8 m and it is made of 16 pieces of #6- 
diameter aluminum-alloy pipe. There is a gas spark gap 
which 1s filled with a mixture of SF, and N,. The length of 
the double cone is 2 x 3 m and the cone angle is 20 = 90 

The impedance of the double cone is 100 ohms. Two 
300-kV de high-voltage power supplies with positive and 
negative polarities are used to feed the antenna from both 
ends. After the spark gap breaks down, a voltage step wave 
formed on the antenna propagates toward both ends 
Approximately 30 m away from the projection point of the 
antenna, the electric field approaches 10* V/m. Several 
non-inductive coil resistors are scattered on both ends of 
the antenna to serve as loads to gradually absorb the energy 
in order to prevent ringing of the antenna. The trigger 1s 
done by gas discharge. The system can operate at a 
repetition frequency of 10 Hz. The entire antenna 1s 
supported by fiberglass rods and the entire device is on a 
vehicle. 


3. “V-shaped” Horizontally Polarized Mobile Radia- 
tion-wave Simulator 


This is a multi-purpose simulator and horizontal polariza- 
tion is One of its operating modes. Its primary function is 
to perform EMP penetration experiments on underground 
facilities and bunkers. Both the ground net and antenna 
are made of metal wires. The ground net, antenna and 
pulse source are mounted on a hydraulic lift vehicle with a 
lift height of 8 m. The height of the power supply is 2.9 m 
The total height can reach 11 m. In order to meet the 
requirement that there is a 30 percent inhomogeneity over 
3x 5 m at the antenna outlet, the antenna is 2.13 m above 
ground. The source is a 600-kV SF,-filled Marx generator 
The dc power supply uses a 400-cycle inversion converter. 
instead of an electronic circuit, to avoid high-voltage 
impact. 


This device was successfully used to perform EMP pene- 
tration experiments on an air-raid shelter with a 5-m-thick 
dirt cover and underground bunkers covered with a dozen 
meters of rocks. In order to verify its penetrating power 
special care was taken to use no electric cables or metal 
pipes into the bunker. The measurement system 1s a 
100-MHz fiber optic system. This eliminates the possi- 
bility that the electromagnetic field is established through 
metal pipes and cables. It was found that this device is 
capable of evaluating EMP resistance of underground 
defence facilities and command centers. 


The technical specifications of the device are as follows 


The source 1s a 600-kV Marx generator with an impedance 
of 250 ohms. Its dc charging voltage 1s 100 kV. The source 
may also be used for other purposes, such as an injection 
source or vertical polarization. The electric field strength f 
at the outlet of the antenna is greater than or equal to 50 
kV/m. The leading edge of the pulse is 10-15 ns and the 
pulse width is | microsecond. Over a 3 x 5 m test area, its 
inhomogeneity is less than 30 percent. 
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New kind of Sonar Signal Processor Described The time-delay range for a two-signal system can be great; for 
91 P601314 Being SHENGXUE XUEBAO /ACTA example, with a sampling frequency of 25k{Hz], according to 
tCUSTICA SINICA] in Chinese Vol 15 No 6. Nov 90 the originally designed two subarrays spaced 22 m apart with 


a total beam angle of +/- 60°, the maximum delay 1s over 300 
sample points. Due to the limit (+/- | sample point) of the 
mutual-spectrum measurement range, the above analog 
[Article by Car Huizhi [$591 1920 2535], Sun Zeng system cannot provide the required accuracy, and an adap- 
(1327 1073], and Sun Changyu (1327 702) 3842] of the live coarse-measurement circuit meeting the requirements 

must be added to the front end, along with a pre-delay circuit: 
this circuit's data are fed back to the CC, and the CC then 
updates the pre-delay unit. To save on hardware, the adaptive 
(Summary] A method tor combining several TMS$32020 coarse-measurement and mutual-spectrum precision- 
digital signal processing (DSP) chips along with other chips measurement circuits share the same RAM. 


,C . ’ ‘pr! ‘ > 0 > 2p ‘ > 5 . 
to construct a CPU suitable for use in fleet submarine A multifunctional signal processor can operate in any of 


‘ . g ‘ ‘ > . > > ‘ \ > CP ‘ > ¢ ¢ " ~ . 
pape ! ve indies a The s) ene oe aa data the following five modes for simultaneous determination 
determine target range and bearing. The system has a 


pp 45 () 462 


CAS Institute of Acoustics: ““New Kind of Sonar Signal 
Processor’, MS received 8 Jun 89] 


pipelined structural design and can handle different detec- (1) Mutual-spectrum precision delay method. In the fre- 
tion methods via a function code sent from the control quency domain, this method segments the Signals, estimates 
center (CC). Results of system tnals with four different the delay for each resolving element, then processes the 
operating modes are given. Employing advanced DSP signals’ power spectrum via application of a weighting 
chips and technology, this high-speed system 1s small in factor to produce an accurate estimate of the delay. The 


authors employed a 64-point mutual-spectrum operation, 


volume, and highly reliable and accurate : . 
whose front-end pre-processing results (digital filtering. 
















































































































































































































































































































































































Figure | is a logic diagram for the mutual-spectrum adaptive noise-canceling coarse-measurement delay) were 
precision method. quite satisfying. 
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Figure 1. Logic Diagram of Mutual-Spectrum Precision-Measurement Method 
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Xy (= Xa! 429) 


wheret %, is time-delay difference 


between left and center subarrays 


tT, is time-delay difference 
between center and right subarrays 


Figure 2. Schematic Diagram of Second-Order Correlation 





(2) Second-order correlation method, depicted in Figure 
2 below. This technique eliminates signal-transmission 
fluctuation phenomena that cannot be canceled by first- 
order correlation. 


4 narabolic three-point interpolation method, shown 
below in Figure 3, may be added. The formula for this 
method is: 


lh = [(Y, - Y,/(4Y, - 2Y, - 2Y,)] i 





¥ 
y2 3 
vy 
x 





Figure 3. Schematic Diagram of 3-Point Interpolation 





(3) Adaptive interpolation method, shown below in 
Figure 4. This technique employs tapped-delay-line 
(TDL) adaptive filters, LMS [least mean square] algo- 
rithms, and weighting coefficients for interpolation. 
Average accuracy in delay estimation is better than 40 
us, and this can be reduced to 5 us if the three-point 
interpolation method is added on afterward. The LMS 
algorithm 1s: 


W(j+1) = WG) - u[dG) - xQ)WY))] XQ) 


where W(j) is the weighting coefficient vector, d{j) 1s the 
jth sample of the delayed beam, and X(j) is the vector for 
the leading beam at the multitap. 


























__} a a 
| algo? hm | 


Figure 4. Adaptive Interpolation Method 














(4) Split-beam method. This technique splits each of the 
three subarray inputs into two beams (total of six 
beams), and then carries out the mutual-spectrum oper- 
ations on each. The formula for target range 1s: 


R 


= d sina/[sin (a + B)] 
where a and # are the angular separations of the two 
subarrays. 


(5) Polarity correlation method. This high-bit-rate, low- 
cost technique correlates the polarity among the signals. 


Hardware design includes the following main modules: 
1) a CC unit, using one TMS32020 chip; 2) A/D con- 
verter, 3) filter unit, using three TMS32010 chips, each 
chip processing three signals; 4) pre-delay unit; 5) an 
adaptive circuit, using six TMS32020 chips; 6) a mutual- 
spectrum calculating circuit, using six TMS32020 chips; 
7) a unit for calculating range, bearing, and degree of 
confidence, using one TMS32020 chip: 8) a circuit for 
displaying range, bearing, degree of confidence, fre- 
quency-band code, and self-checking results; 9) a polar- 
ity-correlation front-end processor; 10) a unit for calcu- 
lating range, bearing, and degree of confidence in the 
polarity correlation, using one TMS32020 chip; 11) a 
display module; and 12) a clock module. The basic 
hardware schematics are shown in Figures 5 and 6 below 
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operating code 
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Figure 5. Overall Hardware Schematic 
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Figure 6. Schematic of Polarity-Correlation Hardware 





All the TMS320-series chips in these modules are pro- 
grammed according to TMS$320 assembly-language rou- 
tines. Flow charts are depicted in Figures 7-10 [not 
reproduced]. 


In laboratory simulation of the new sonar signal pro- 
cessor, the authors utilized delay signals generated by 
the analog delay system independently developed by 
state-run Plant 613; after amplification and broadband 


(2kHz-10kHz) filtering with automatic gain control, the 
signals were sent to the system's input stage. At sea- 
state level [or stage] 6, with an SNR of 6 dB, range of 15 
km, and sound velocity of 1,460 m/s, the targets had a 
circular motion of 0.1°/s. Using the various operating 
modes, for targets from 210 to 330° omnibearing, 
simultaneous tracking measurements of all three targets 
were carried out, and range values were taken for each 
2°. Measured values are shown in Tables 1-4. 
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Table 1: 
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Measured Range Accuracy Data, Sea-State Level 6, D = 


SNR = 6dB, SA = 0.1°/s, V 


Time: December 3, 
Operating mode: Mode #0 (adaptive mutual-spectrum method) 


1989 


= 1460m/s 
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bearing 210° md I 214° 216° 218° 220 222° 724° 
angle 
D; 17.5 17.2 17.2 | 16.8 | 16.5 16.3 16.0 15.7 
D, 14.3 14.5 14.9 | 14.9 15.0 15.3 1S.5 18.7 
D, 14.2 14.4 14.8 | 14.9 15.1 3.3 1S.o 5.8 
bearing | 226° 228° 230° «| = -232° 234° 236° 238° 240° 
angle - 
D, 15.5 15.4 15.9 14.9 15.8 15.9 25.9 1S.3 
D. 15.9 15.9 15.9 16.1 16.5 16.2 16.9 16.0 
D, 15.9 15.9 16.9 16.9 16.2 16.2 16.0 16.9 
eSarses | 202° 244° 246° 248° 250° 252° 254° 256° 
angle 
D, 15.7 15.5 15.4 15.4 15.4 15.1 15.0 15.0 
D. 15.9 15.8 15.5 1S.4 15.4 15.5 1S.5 1S.4 
D, 15.9 iS.? 15.5 15.4 15.4 15.4 15.4 5.4 
oearing 258 260 262° 264° 266° 268 270° 272° 
angle 
D, 4.9 14.6 14.8 14.7 14.9 15.0 15.1 15.3 
D, 15.4 1S.4 15.5 1$.3 15.2 1S. 15.2 15.2 
D, 15.4 18.3 15.4 1.2 1S. 1S. 15.3 15.2 
aeiaiat sd Uy 276° 278° 280° 282° 284° 286 288° 
anzle 
D, 14.8 14.7 14.9 14.6 14.6 i$.2 15.4 15.6 
D, 15.0 15.0 15.0 14.9 14.8 14.7 14.6 14.6 
D, 15.1 1$.1 15.0 14.9 14.9 14.7 14.7 14.7 
bearin s . 
Caring! 390° 292° 294° | = 296° 298° 300° 302 304 
angle 
D, 15.2 15.1 15.1 15.3 15.4 15.2 15.4 15.7 
D, 14.6 14.6 14.7 14.6 | 14.5 14.7 14.7 14.6 
D, 14.6 14.7 14.7 14.7 14.5 14.5 14.5 14.5 
bearing _ : — 
‘ 306° 308° 310° 312° 314° 316° 318 320 
angle 
D, 15.7 1S.7 15.9 15.7 15.9 16.0 16.3 16.3 
D, 14.7 14.6 14.5 | 14.5 14.7 14.5 14.5 14.6 
D, 14.6 14.6 14.5 14.5 14.6 14.5 14.5 14.7 
h ran 
nies, Ut 324° 326° | «328° 330° 
angl | 
D, 16.4 16.7 16.8 17.0 16.6 
D. | 14.6 14.5 14.4 14.5 | 14.4 
D, 14.6 14.5 14.4 14.5 14.4 
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Table 2: Measured Range Accuracy Data, Same parameters as in Table 1 except 
fur operating mode: mode #1 (Second-order correlation method) 


















































bearing | 319° | 212° 214° 6° | 2S | 20 | are | age 
angle | 
D, 15.9 | 16.0 15.6 15.3 15.0 15.0 15.1 15.0 
D, 14.7) | 14.6 14.3 14.7) | 14.3 | 14.2 | 14.3 14.2 
D, 4.1 | 13.8 13.6 13.3 | 13.3 | 413s) | 43.7 13.7 
bearing | 226° | azge | 230° 232° | Sa | 236° | 238° 240° 
angle | | | _| 
D, | 14.9 | 14.8 14.7 14.7 14.5 14.6 | 14.7 14.7 
D. 14.1 | 14.0 14.0 14.0 | 13.9 14.0 14.1 14.2 
D, | 13.7 | 13.8 13.8 13.8 | 13.7 13.8 13.9 14.0 
bearing | 342° 244° | 2468 rss | oasoe | oasze | see 256 
angle | 
D, =| 14.8 14.9 14.9 5.1 | 18.3 | 18.5 | 15.7 15.8 
D, 14.3 14.4 14.4 14.6 | 14.7 14.9 IS.1 | 18.2 
D, 14.2 14.3 | 14.5 14.6 14.8 14.9 15.2 15.3 
bearing sss 260° | 262° nee | (2686 268 270 272° 
_angle | | | 
D, | 14.8 14.8 15.8 is.7 | 15.5 15.6 | 15.6 15.6 
D 15.2 15.0 15.2 I.1 | 14.9 | 15.0 15.1 15.0 
D, 15.3 15.3 15.4 15.3 | 15.0 15.1 15.1 | 14.9 
—e 274° | 276° 278° 280° | 22° | 2 | 286° 288° 
angle | 
D, 15.5 15.4 15.4 | 15.4 15.3 15.5 | 15.4 15.3 
D 15.0 | 14.8 4.9 | 14ar | 14a 15.0 14.9 14.8 
D, 14.9 | 14,7 14.8 | 14.9 | 149 14.9 14.8 | 14.7 
bearing | | . | - | > | . | ° . 
~S | 290° | 292° | 294° | 296° | 298 300° | = 302 304 
angie | 
D, 15.3 | 15.2 | 38.2 | 35.2 | Sed | 15.0 | 14.9 | 15.0 
D, | 14.8 | 14.8 14.5 | 14.7 | 14.6 | 14.5} 14.5 14.4 
D, | 14.8 | 47 | 47 | a | 4] AS 14.4 14.4 
bearing | sose | goss |S gto] snes] gas | anse | 320° 
angle | | 
D, | 18.1 14.9 14.7 | was | tae | 146 14.3 14.0 
D, 14.5 14.8 14.6 | 18.0 | 4.7 | 14.8 14.8 14.8 
D, 14.3 14.7 14.4 | 14.4 14.2 14.3 14.2 14.2 
bearing | 2:5 | 324s 326° 328° | 330° | 
_angle | | | = 
D, 13.9 | 13.9 | 13.7 13.3) | 9 13,3 | 
D, =|) 6ssa | asco) |) oso) fle YS | | 
D, 14.0 | 14.0 14.2 14.1 14.1 | | 
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Table 3; Measured Range Accuracy Data, Same Parameters as in Table | eacept 
for operating mode: mode #2 (first-order correlation interpolation method) 
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Table 4: Measured Range Accuracy Data, Same Parameters as in Table 1 except 
for operating mode: mode #4 (correlation mutual-spectrum method) 










































































bearing 210° 212° 2142] 6 218° 220° 222 224° 
angle | | 
D; 14.8 15.3 is? | 16.0 16.4 16.5 | 16.8 16.8 
D, 14.6 15.4 15.9 16.3 16.2 | 16.2 16.1 16.1 
D, 14.5 14.9 is. | ass) | ass | ase Lotsa 15.3 
bearing 226° 228° 230° 232° asec | oases | ass: 240° 
angle | | L 
D, 17.0 16.9 16.8 | 16.8 6.7 | 16.6 | 16.5 16.2 
D. 15.5 15.0 15.0 15.0 14.1 14.4 14.9 15.1 
D, 15.8 | 15.6 8.6 | 18.5 | 18.5 | 15.5 | 5.3) | 15.2 
bearing 242 244° 2462 | 2a 250° | 252° || oases | oases 
angle 
D, =| (6. 16.0 16.0 | 15.8 is.9 | 48.7 | oaser | as.2 
D. 15.3 15.4 15.1 15.1 5.3 | oas.7 | as.9) | 45.7 
D, | ws.2 | 149 15.2 | 15.0 S20 | 15.0 14.9 | 15.0 
bearing 258° =| = 260° 262° 264° 266° | (268° 270° | 272° 
angle | 
D 16.0 15.9 15.8 15.9 is.8 | 15.8 is.8 | 15.6 
D. 15.6 15.4 15.4 15.1 is.4 | 15.2 | 15.0 | 14.8 
D, 15.1 15.1 15.0 14.8 14.7 14.7 14.7 14.8 
bearing 274° 276° 278° 280° 282° 284° 286° =| 288° 
angle 
D; 15.7 15.7 IS.5 | 15.4 | 15.5 15.3 15.3 15.4 
D. 15.1 14.9 s.r | asa |S 14.9 14.8 14.9 
D, 15.1 14.9 s.2 | Sk |S 4.9 | wes | 18.2 
bearing | 399: 292° | 2942 | ase] ages sooe | «3028 | 30a 
angle | | | 
D, 15.2 15.0 15.0 ist | ASA s.2 0 | SE 82 
D, 15.0 15.0 14.9 14.9 15.0 5.0 | .b | 1a 
D, 14.9 14.8 15.0 14.9 14.9 14.9 14.7 14.6 
ae 306 308 310° 312 314 316° 318° 320 
angle 7 Pe 
Dy 15.2 15.1 15.1 15.1 15.3 15.3 15.4 15.4 
D. 14.8 14.2 14.0 14.3 15.0 | 15.0 14.7 14.7 
D, 14.5 14.7 14.7 14.9 | 15.0 15.3 | 18.5 15.4 
bearing | 322° 324° 326° 328° | = 330° | 
angle | 
D, 15.6 15.6 15.7 15.9 | 15.9 
D 14.8 14.8 5.0 14.8 14.7 
D, 15.3 15.2 15.3 15.0 14.8 
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Figure 7. Ka-Band CW Semiactive Seeker 
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Figure 8. HIC Front-End Processor for Ka-Band Seeker (Includes Nose Receiver, Tail Receiver, Power Supply 
System, Thermostat System, \ oltage-Controlled-Oscillator Loop, etc.) 
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area, from takeoff to rocket separation, the flight path 
covers over 7,000 km. There are five land-based stations 
and two instrumentation ships. One ship is located near 
the equator, where the satellite enters its orbit. The 
measurement range for the Jiuquan and Taiyuan flight- 
control area 1s under 3,000 km. There are three major 
tracking stations. If the flight path is getting longer, then 
there is a need to add instrumentation ships or mobile 
Stations on islands. 


II, China’s Satellite TT&C Network 


China’s satellite TT&C network includes an LEO satel- 
lite TT&C network (orbit below 5,000 km) and a geosta- 
tionary-orbit satellite launch control and position-fixing 
support network. It mainly consists of XSCC, five fixed- 
site stations, two mobile stations, mobile recovery Sta- 
tions and two instrumentation ships 


|. Xian Satellite Control Center (XSCC) 


XSCC 1s capable of real-time automatic programming 
and can simultaneously control several (6) satellites. 
Inaddition, the system has the capability to perform 
post-mission analysis and software development 


Central Computer System 


It consists of three NCI2780 and two VAX8700 com- 
puters and is connected by star couplers through Ether- 
net, as shown in Figure 3. NCI2780-1 and NCI2780-2 
are the two computers forming the independent 
duplexer. They are not members of the cluster. Their Cl 
connections only serve as a spare for the Ethernet. The 
two VAX8700's, NCI-2780-3, and two HSC-50’s [sic] 
form the computer system. These computers are con- 
nected to the duplexer through Ethernet. Hence, it 1s 
more reliable and has powerful processing capability. 
The system is equipped with software for multiple satel- 
lite control. 


Monitoring and Display System 


The system provides flight path information and major 
engineering parameters of the spacecraft to the com- 
mander and operators. It displays the information in the 
form of tables and graphs to protect the mission (see 
Figure 4 [photograph not reproduced)). 


Tracking and Control Software 


XSCC has developed a full-range tracking and control 
software system. Based on the mission, it can be roughly 
classified into two categories 


(1) LEO satellite tracking and control software (including 
Satellite recovery). 


(2) Geosynchronous satellite tracking and control soft- 
ware. 


The full-range tracking and control software can be 
divided into telemetry processing, command generation 
and verification, orbit data processing, orbit determina- 
tion and forecast, attitude data processing and attitude 
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determination, orbit and attitude maneuverability, sat- 
ellite recovery control and monitoring, system-wide sim- 
ulation, and other ancillary software. 


After many years of experience, the XSCC tracking and 
control software system can meet different requirements 
for satellite tracking and control in terms of capacity and 
performance. This is a very effective system. 


2. Five LEO Satellite TT&C Stations 


These are distributed in eastern, central and western 
China. They are located at Changchun, Minx: (western 
Fujian), Nanning, Weinan (southern Henan) and Kashi 
(Kaxgar) (see Figure 5 [map not reproduced)]). 


These TT&C stations perform routine tracking and 
control of LEO and medium-orbit satellites. The Weinan 
and Minxi stations are responsible for the launch and 
routine tracking and control of geosynchronous satel- 
lites. Nanning and Minxi stations are also responsi''e for 
tracking launch vehicles during launch of geosyr.: aro- 
nous Satellites and tracking and control of LEO satellites 
upon orbit entry. 


3. Two Mobile Stations 


These are primarily responsible for the precision control 
and tracking of recoverable satellites and accurate pre- 
diction of landing points. They are also used to cover 
areas not adequately monitored by fixed stations in 
rocket flight areas and under certain satellite orbits. 


4. Mobile Recovery Station 


The function of this station 1s to search and locate 
recoverable satellites. The station is equipped with a 
helicopter, capable of finding, lifting and transporting 
the re-entry vehicle within a short period of time. 


5. Two Instrumentation Ships (see Figure 6 [photograph 
not reproduced]) 


These perform re-entry measurement of the launch 
vehicle at the point of impact over the ocean, track the 
trajectory of the third stage of the Changzheng-3 [Long 
March 3] rocket over water and receive measured and 
telemetry data, and monitor characteristic points of the 
trajectory, second ignition of the third stage, separation 
of rocket and satellite and satellite entry into orbit. 


Major equipment in a TT&C station includes: 


(1) The VHF/UHF TT&C system has either a dispersed 
(scattered) or unified carrier wave. The scattered systen 
employs a dual-frequency velocimeter to measure the 
rate of distance change. Its RMS error is below 0.1 mps. 
With a telemetry demodulating terminal, it 1s possible to 
receive satellite signals modulated at the dual frequency 
band. Its bit rate is less than 10 kbps. The independent 
remote-control unit issues various commands and pro- 
vides all kinds of data to the satellite. A unified carrier- 
wave system shares the same antenna for transmission 
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and reception. Furthermore, its capability to measure 
distance and angle is enhanced. 


(2) A few TT&C stations are equipped with C-band 
monopulse radar. Because this radar has more mea- 
Suring elements, the data obtained 1s more reliable for 


orbit-determination. Hence, it 1s deployed at point of 


orbit entry and upon satellite re-entry back to earth. 


(3) Station computer and display equipment for mont- 


toring and control are used to complete pre-processing of 


orbit measuring data in a unified manner, to capture 
digital data obtained from equipment at the station, to 
transmit data and commands, and to exchange data with 
XSCC in order to reduce demand on the communication 
lines. 


(4) Timing equipment, command, dispatch and commu- 
nications equipment are installed for protection 


Geosynchronous Satellite TT&C Stations: 


The geosynchronous satellite launch TT&C network 
includes XSCC (sharing the same facility with LEO 
satellite TT&C network), Minxi TT&C station, Weinan 
TT&C station and the two instrumentation ships 
deployed near the point of orbit entry. Minxi and 
Weinan TT&C stations and one instrumentation ship 
are equipped with a C-band unified carrier-wave TT&C 
system (see Figure 7 [photograph not reproduced]). In 
coordination with the transponder on the satellite, the 
system has the capability of orbit tracking, telemetry and 
remote control of high-orbit satellites below 40,000 km 
Its orbit-tracking capability includes measurements of 
distance, rate of change in distance, orientation (bearing) 
and pitch angle. A combination of pseudo-coding and 
sidetone ranging 1s used in distance measurement. 
Telemetry includes coded telemetry and analog telem- 
etry. Remote control includes command control and 
synchronous control. The unified carrier-wave system 
employs PM/FM modulation for the uplink and PM 
modulation for the downlink. The accuracy of measure- 
ment is summarized as follows. For angle measurement, 
the random error is 0.15 mil and system error 1s less than 
0.2 mil. For distance measurement, both random error 
and system error are less than 10 m (uplink carrier-wave 
phase modulation). Uplink frequency modulation error 
is 30 m. Uplink phase modulated rate of distance change 
measurement error 1s less than 0.03 mps 


Each TT&C station has a C-band unified-carnier TT&C 
system and a guidance instrument operating at the same 
frequency. Minxi and Weinan TT&C stations are each 
equipped with two computers in duplex operation to 
perform data processing within the station and data 
exchange with XSCC. In addition to controlling geosyn- 
chronous satellites over long periods of time, various 
other assignments such as attitude and orbit tracking and 
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control are also completed. Moreover, in order to pre- 
pare for future missions, TT&C stations must conduct 
drills to simulate satellite launch and re-entry. In this 
case, One computer is used for dynamic modelling of a 
satellite, while the other is used to perform the real 
mission, 


During the launch of a geosynchronous satellite, an 
instrumentation ship is deployed at the equator near the 
point of orbit entry. The unified C-band system on the 
ship is used to perform TT&C and command after the 
satellite enters its orbit. The C-band monopulse tracking 
radar can measure the short-arc gliding trajectory of the 
launch vehicle and its UHF telemetry equipment can 
receive telemetry data from the carrier rocket to deter- 
mine the initial orbit of the satellite. During the launch 
of Asiasat |, its orbit elements were calculated using 
these techniques. The ship can receive some satellite 
telemetry data over a few orbit segments in the first orbit 
after passing apogee. Furthermore, it can exchange data 
with XSCC through a satellite communications channel. 
This TT&S network has successfully completed the 
tracking and control of five geosynchronous satellites 
and their routine management. 


III. Communications Network 


A communications network is used for dispatch and 
command communications, data transfer and other 
communications-related services. This comprehensive 
communications network consists of three parts. 


|. Local Communications Network 


It is equipped with an internal telephone network, paging 
equipment, and closed-circuit television. It includes all 
the internal communications facilities inside a center, 
TT&C station, or instrumentation ship. 


2. Long-range Communications Network 


Different means, including wired, radio and dedicated 
satellite lines, are used to connect all the TT&C stations 
under the jurisdiction of the launch command center, the 
TTA&C stations (ships) belonging to the satellite control 
center, the Beijing Command Center under NDCSTI, 
the launch command center and the satellite control 
center to ensure long-range command and control, pro- 
vide data transfer and other services. 


3. International Communications 


International satellite communications stations were 
constructed in Beijing, Xian and Xichang. These ground 
stations have direct access to the INTELSAT network to 
protect lines leased by the user. During the launch of 
Asiasat 1, the Xichang international ground station was 
used. 
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IV. Further Development of TT&C Network 


As space technology advances, a portion of the equip- 
ment in China’s TT&C network needs to be updated, 
modified and gradually perfected. 


{The nation needs to:] 


1. Modify and perfect the launch-support network for 
geosynchronous Satellites to enhance TT&C capability 
over water. Modify the land-based unified-carrier-wave 
system to meet requirements for domestic and interna- 
tional C-band satellite tracking and control frequency 


system. 
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2. Install S-band unified-carrier-wave system for future 
use in the launch of [Earth] resources satellites. In 
addition, establish an international S-band network. 


3. From a long-range viewpoint, it is necessary to estab- 
lish a space-based TT&C system. It can also complete 
satellite data transfer. 


Presently, China’s TT&C system can also provide ser- 
vices in launching foreign satellites. It can also support 
foreign satellites and be linked to foreign satellite net- 
works. As the scope of international cooperation 
expands, after importing some advanced technology, 
China’s TT&C network will be further perfected. 
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Growth of Single Crystals of Ytrrium 
Orthoaluminate Doped With Erbium Ions 
401000374 Beijing GUISUANYAN XUEBAO 
[JOURNAL OF THE CHINESE CERAMIC 
SOCIETY] in Chinese Vol 18 No 6, Dec 90 
(manuscript received 30 Jan 90) pp 524-528 


[Article by Li Gansheng, Lu Jian, et al.; Fujian Institute 
of Research on the Structure of Matter, CAS] 


[Abstract] Developing lasers of new wavelength is one of 


the directions in solid-state laser development nowa- 
days. Erbium-doped yttrium orthoaluminate crystal 
(Er**:YAIO,) is an important solid-state laser material 
for the wavelength of 1.66 um as well as that of 2.7-2.9 
um. The key problem, however, is the quality of the 
crystal. Stress has therefore been laid in this paper on the 
effects of raw material with the addition of nitric acid to 
eliminate hydration water, nitrogen atmosphere added 


to a little oxygen and the melt superheat on the quality of 


Er**:YAIO, crystal during the growth process. 
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Growth of Photorefractive Crystal KTN by Flux 
Pulling Method 


40100037B Beying GUISUANYAN XUEBAO 
[JOURNAL OF THE CHINESE CERAMIC 
SOCIETY] in Chinese Vol 18 No 6, Dec 90 
(manuscript received 17 Jan 90) pp 529-535 


{Article by Liu Yaogang, Guan Qingcai, et al.; Shandong 
University] 


[Abstract] Growth ot large-size, high-quality K(Ta, 
Nb)O, (KTN) crystals by flux pulling method is 
reported. The size of well-faceted and transparent cubic- 
phase KTN crystal grown is up to 35 x 33x 10 mm. The 
components, homogeneity, electrical and thermal prop- 
erties of KTN have been measured. Preliminary obser- 
vations of the photorefractive phenomenon of this 
crystal are also carried, out. Finally, the relationship 
between seed orientation and growth shapes 1s discussed. 
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Military Distributed Real-Time Operating System 
Developed 

9/P60133 Beying ZHONGGLO DIANZI BAO [CHINA 
ELECTRONICS NEWS) in Chinese 15 Feb 91 p 3 


[Article by Zhang Hancai [1728 3211 2088]: “Distrib- 
uted Real-Time Operating System XDRMS Prototype 
Developed’’] 


[Summary] The ‘Tactical-Command-Oriented Real- 
Time Distributed Operating System Applications 
Research” project undertaken by a Xidian University 
team led by Prof. Cai Xiyao [5591 1585 1031] has 
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yielded positive results, and the system prototype, des- 
ignated XDRMS, passed technical appraisal on |! Jan- 
uary [1991]. The development of this system—a key 
research project assigned to the National Defense Com- 
mission of Science, Technology & Industry in the Sev- 
enth Five-Year Plan—has overcome problems such as 
software and hardware resource sharing among different 
microcomputers, multitasking arising from different 
requirements of the various users, and real-time data 
processing. XDRMS will have numerous applications in 
tactical command systems, real-time data acquisition 
and processing systems, TT&C systems, embedded com- 
puter systems, and other military and civilian computing 
areas. 
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Experimental Research on “Dual- Target Butt 
Joint’ Ne-Like Ge High-Gain Soft X-Ray Laser 
9] P601544 Beyine ZHONGGLO KEXLE, Series A, in 
Chinese No 2, Feb 91 pp 151-160 


[Article by Wang Shy [3769 0013 4921], Gu Yuan [7357 
2266]. et al. of the China Engineering Physics Institute's 
Shanghai Laser Laboratory, Shangha: 201800; Peng 
Huimin [1756 1920 3046], Sheng Jiatian [4141 1367 
3944], et al. of the Beijing Research Institute of Applied 
Physics & Computational Mathematics, Being, 
100088; and Lin Zunqi [2651 1415 3825], Wang Shusen 
(3769 2885 2773], et al. of the High-Power Laser Physics 
Joint Laboratory (HPLPJL), Shanghai, 201800: * *Dual- 
Target Butt Joint’ High-Gain Ne-Like Ge Soft X-Ray 
Laser Experimental Research”; MS received 20 Aug 90] 


[Abstract] Utilizing a novel “dual-target butt joint” 
technique for the two thick, flat, neon-like germanium 
(Ne-like Ge) targets irradiated by the 1.2 x 10'* W/cm? 
(12 terawatts per square centimeter target-surface 
radiant laser intensity) focused output of a 1.053- 
um-wavelength 1l-nanosecond-pulse-width, two-beam 
“Shen Guang” [Magic Light’’] neodymium phosphate 
glass laser at HPLPJL, the authors observed five Ne-like 
Ge spectral lines (the 3p-3s transition lines), with respec- 
tive wavelengths of 19.6, 23.2, 23.6, 24.7, and 28.6 nm 
For the 23.2-nm and 23.6-nm lines, the gain-length 
product GL exceeded 13. The experimental apparatus 1s 
shown in Figure 5 below 


Additional parameters of the experiment are as follows: 
output energy of each laser beam: approx. 600J 


size of laser focal line at target surface: 2.5 cm long 
x 120 um wide 


laser beam II 


L J target | 
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positional error between two beams: not over 10 pm 
included angle: not over | mrad 
time delay between beams | and II reaching target 
90 plus or minus 5 ps 
size of Ge targets: 2 rnm thick (both) 
6 mm wide (both) 
2.2 cm long (target 1) 
0.6-1.8 cm long (target 2) 
planar-focal-field grazing incidence grating spectro- 
scope: 
grating nominal grid pitch: d, = (1/1200) mm 
grating concave curvature radius: R = 5649 mm 
slit width for incident light: approx. 15 um 
spacing between slit and target chamber center: 
approx. 65 mm 
grazing incidence angle: 87 
film: Kodak 101-07 
spectral wavelength: 5-30 nm 
spectral resolution: approx. 0.01 nm 
Loran circular grazing incidence grating spectro- 
scope: 
grating grid pitch: d = (1/1200) mm 
grating concave curvature radius: R = 988 mm 
slit width for incident light: 5-30 um 
spacing between slit and target chamber center: 
60 mm 
grazing incidence angle: 88 
film: Kodak 101-01 
spectral wavelength: 3-30 nm 
spectral resolution: approx. 0.005 nm 


Ten other diagrams show various graphs of the data and 
photos of the spectral lines observed. Table | below 
depicts experimental results, while Table 2 compares the 
results with those of another Chinese lab, a U.S. lab 
(Naval Research Laboratory), and a British lab (Ruther- 
ford Appleton Laboratory). 


“Ss 


laser beam I 


Figure 5: Schematic Diagram of *Dual-Target Butt Joint’ Experimental Apparatus 


Key: 1. Cylindrical lens array 2. aspherical main lens 3. planar-focal-field grazing incidence grating spectroscope 4 
scanning soft-X-ray camera §. Loran circular grazing incidence grating spectroscope 6. dual-slit X-ray camera 7. KAP 


flat-crystal X-ray spectrograph 
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Table 1: Time-Integrated Gain of Ne-Like Ge 3p-3s Transition Spectral Lines 
































Experimental Results 
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Simulated 


results* 
— ~—— 3 —-—> ———— - - — — 
Wavelength radiant laser intensity 1.2 X 10!3 Wiem? gain factor radiant laser intensjty 0.8 x io! 
(nm) Gicm"*) W/cm* 
- ~~ + ~ —- - -e ——-— — - -- +- - +> 
max. target gain factor maximum Gl max. target gain factor maximum GI 
length L (cm) Gicm"*) value length L. (cm) Gicm"*) value 
+ > “= + —— - - + - +— - + — 7 
40 2.26 9 44 ? 06 9 | >? 81-6.06 
—_——— —_—— —— _ —_——— > - > - . - ~~ 
2 40 3.35 13.4 44 2 3§ 99 320-5 64 
- —- -—-— - —— —_———_+-—_—_—_— - +— — - + +> + - ~ —- 
23.6 4.0 3,39 4.6 44 > 2s 304.5 04 
- ~ oo -—-—- > > —— ——- -~- —+— _ + + —___—— 
247 3.4 2.27 7.7 §4-1.98 
+ + + -—— + - + ~ = 
28.6 3.4 3.21 10.9 = 3.28-5.68 
*In the computer simulation, radiant laser intepsity was (1.2-1.8) x 10!3 Wieme, ¢ temperature Tein the plasma gain region was about (7-8) 
ms e . , > : <a 
x 1O'K, 10n temperature Tj was about 5.6 x 10° K, electron density ne was about (1-2) \ Ne-like 1on abundance N,; (Ne) was about 0.25 
N,, F-lhke 1on abundance Nj (F) was about 0.30 Nj, 10n density Nj was about ne 23 








Table 2: 23.6-nm-Wavelength Ne-Like Ge X-Ray-Laser Spectral Line Gain-Length Product (GL) 
Radiant Laser Power (GL/P) 























and Its Ratio to 





Laboratory* radiant lasey effective focal! line gain factor GL value GUP (Tw!) 
intensity (0 “Ww Gicm™*) 
cm*) 
length (cm) width (m) 
SLI 1.2 4.0 ? 4 23.5 
NRI 0.6 1.8 4 4 34.) 
INPCL!2] 1.0 18 is 4 22.2 
——— - —_+—_—- — ———$$. —$— SS ——___ — > +> + + 
R Al ._“ 2 5 3 2 s _ 
*SLL: Shanghai Laser Laboratory, NRL: U.S. Naval Research Laboratory, INPC: § west N Physics & Ch stry Ins ~ RAL: UKs 
Ruthertord Appleton Laboratory 
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1.0-1.7-Micron-Wavelength InGaAs/InGaAsP/InP 
SAGM APD Developed 


HONGW Al YU HAOMIBO 


9/P601514 Shangha 


YUEBAO (JOURNAL OF INFRARED AND 
MILLIMETER WAVES) in Chinese |} ON 

Feb 91 pp 67-72 

[Abstract of article by Li Feng [2621 6912], Wang 
Shutang [3769 2885 1016], et al. of the Physics Division, 
Institute of Semiconductors, CAS, Beying, 100083 


“InGaAs/InGaAsP/InP Long-Wavelength Avalanche 
Photodiodes Studied”; MS received 10 Jul 90, revised 11 
Oct 90 (see earlier report in JPRS-CST-91-006, 5 Mar 91 


5 5 


pp 26-27)] 


{Abstract} Low-dark-current mesa-type long-wavelength 
InGaAs/InGaAsP/InP avalanche photodiodes (APDs) 
with separate absorption, grading, and multiplication 


rp 
it 


(SAGM) regions have been fabricated via liquid-phase 
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epitaxial growth of InGaAs and InGaAsP layers on an 
InP substrate. The main characteristic parameters of the 
device are as follows: 


spectral (1.e., wavelength) range A: 1.0-1.65ym 
breakdown voltage V,: 80V (60V min., 120V max.) 
dark current I,, (at Vz = 0.9V,): 20nA (S0nA max.) 
responsivity R (at A = 1.3m): 0.7 pA/pW (0.6 min., 0.8 
max.) 

pulse response time t (at A = 1.3 um, M = 10): 100ps (300 
ps max.) 

excess moise factor F (at M = 10): 5 

maximum multiplication factor M,,,,: 30 (20 min., 50 
max.) 

sensing-surtace diameter D: 754m 


A cross section of the device is shown in Figure | below. 
Six other figures (not reproduced) depict the electric- 
field distribution in the depletion region, the relation 
between charge densities of different layers, InP thick- 
ness as a function of growth time, lattice-mismatch 


parameters for varying InAs content, the influence of 
and dependence of 


environmental humidity on Vg, 
photocurrent and dark current on reverse bias. Two 
tables list the design parameters and the aforementioned 
main characteristic parameters. 
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Figure i. Cross Section of InGaAs/InGaAsP/InP 
SAGM APD 
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New Method of Track Processing HF Skywave 
OTH-B Radar 


91P601384 Beying DIANZI XUEBAO [ACTA 
ELECTRONICA SINICA) in Chinese Vol 19 No 1, Jan 
91 pp 1-6 


{Article by Jiao Peinan [3542 1014 0589] of the China 
Research Institute of Radio-Wave Propagation, Xinx- 
1ang: “New Method of Track Processing in HF Skywave 
OTH-B Radar”: MS received Jun 89, revised Feb 90] 


[Abstract] The concept of the pattern-recognition 
tracking/coordinate-transfer data processor for a high- 
frequency (short-wave) skywave backscatter over- 
the-horizon radar (OTH-B radar) is described. Based on 
algorithms previously published by the author [7.8.9], a 
comprehensive new method for determining the ground 
distance D of the target and its track from a conversion 
of the radar time delay P (i.e.. a new P-D transter 
method}—in conjunction with the other input vanables 
such as Doppler frequency f,, operating frequency f, and 
time t—is presented. The data can be obtained from a 
monostatic (1.e. single-station) radar system; there is no 
need to know the 1onospheric data of the middle point. 


In testing of the new technique, an experimental OTH-B 
system with a detection energy of 97dB-joules was 
employed. The emitter array consists of an eight-element 
vertically polarized log-periodic (VPLP) antenna fan 
array, while the receiver array consists of a 300- 
m-aperture 32-element VPLP antenna linear broadside 
array. The linear-frequency-modulated pulsed Doppler 
radar has an average power of 9OKW, a pulse width (1) of 
3.5 milliseconds, a repetition frequency of ISOHz, and a 
coherent storage time of 5 seconds. This radar was tested 
at 40 different times in various seasons over a 3-year 
period with a variety of targets—the 40 sorties tracked 
included flights of aircraft ranging in size from a B747 
down to a Jian-6 fighter. Comparing the track results 
calculated by the system with the actual ground-track 
data provided by three ground tracking stations (Jiu- 
quan, Mingin, and Wuzhong), an average error of only 4 
percent was found. Two examples (shown in Figure 4 
below) are given: the track of a B707 (flight #PK752) on 
19 December 1982 at three different frequencies—20.5, 
18.5, and 14.5MHz; and the track of a B707 (flight 
#C A948) on 22 December | 982 at two different frequen- 
cies—22.0 and 14.5MHz. As shown in the figure, target 
range ran from 900 to 1550 kilometers. The other three 
figures (not reproduced) depict the effect of the 1ono- 
sphere on the P-f relationship, a block diagram of a 
feedback-type pattern-recognition tracking device, and 
the relationship of the experimental data with the data 
provided by the ground tracking stations. 
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Computer Simulation of Digital Compensation for axis (convolution or correlation, respectively, of the 
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‘omputer simulation of the digital compensation 1s car- 
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Figure 1. System Schematic 











4 LASERS, SENSORS, OPTICS 





Table 2. Comparison of Convolution, Correlation, and 
Non-linear Processing 
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rainfalls on over 10 separate occasions, thereby alerting 
managers at saltworks to cover 50,000 tons of product 
salt with plastic sheeting. Problems have also surfaced, 
principally due to shortages of investment funds for 
R&D at the nation’s 40-odd radar R&D/manufacturing 
plants. 


China already has a sufficient number of such units— 
including facilities under MMEI, the Ministry of Aero- 
space Industry, the former Ministry of Ordnance, and 
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the China State Shipbuilding Corp.—but better govern- 
ment planning and inter-plaii cooperation is needed for 
further progress. Greater efforts are also needed in the 
area of domestic market share: while the nation’s mili- 
tary radars are all made domestically, many of the 
civilian radars are imported, despite the fact that Chi- 
nese-made radars that meet the needs of civilian users 
are available. Government authorities should adopt the 
relevant policies for ensuring that domestically made 
radars are purchased first. 
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GaAs/AlGaAs DH Lasers Fabricated on 
Space-Grown Si-GaAs Monocrystalline Substrate 
9/FE0254A Betjing BANDAOTI XUEBAO [CHINESE 
JOURNAL OF SEMICONDUCTORS] in Chinese Vol 
11 No 10, Oct 90 pp 798-798 [MS received 9 Nov 89] 


[Article by Shi Zhiwen [4258 1807 2429], Luo Liping 


[5012 7787 5493], and Lin Lanying [2651 5695 $391] of 


the CAS Institute of Semiconductors, Being, supported 
by the Chinese National Natural Science Foundation: 
‘“GaAs/AlGaAs DH Lasers Fabricated on Space-Grown 
Si-GaAs Monocrystalline Substrate’; see earlier briet 
report in JPRS-CST-90-006, 23 Feb 90, pp 11-12] 


[Text] 


Abstract: For the first time, GaAs/AlGaAs_ proton- 
bombardment DH (double heterojunction) lasers with 
CW [continuous-wave] operation at room temperature 
were successfully fabricated on single-crystal Si-GaAs 
grown in space on a Chinese satellite. The DH layers 
were grown by LPE (liquid phase epitaxy). The muin- 
imum threshold current is 20 mA, the lasing wavelength 
is 857 am, and the output power 1s as high as 30 mW 


1. Introduction 


As space technology advances, study of space materials 1s 
also moving forward. Monocrystalline Te-GaAs was first 
successtull grown on a Chinese satellite in 1987. A 
been conducted to analyze this 
single crystal It the substrate of a 
GaAs/AlGaAs SH [single heterojunction) LED.'*) In 
1988, monocrystalline Si-GaAs was successtully grown 
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in space. This paper describes a GaAs/AlGaAs DH laser 
with CW operation at room temperature; this laser was 
developed in July 1989 using that single crystal as its 
substrate. 


Il. Laser Fabrication 


Number f wafer of the space-grown Si-GaAs single 
crystal was used as the substrate. It is located at the 
center of the single crystal with n= 1.28 x 10'*cm’*. Itis 
a small round piece, 6.5 mm in diameter. The DH 
epitaxial layers were grown by LPE at 800°C. At the same 
time, a small round piece of space-grown Si-GaAs sub- 
Strate, approximately 7.5 mm in diameter with n = 5 x 
10'* cm’, was also grown epitaxially. These epitaxial 
wafers were made into proton-bombardment laset 
stripes using the same technique. Figure | shows the 
schematic diagram of the GaAs/AlGaAs DH laser and 
growth parameters for various layers 


III. Optoelectronic Characteristics of the Laser 


Lasers fabricated on space-grown and earth-grown sub 
strates were found to be capable of CW operation at 
room temperature. The minimum threshold current den- 
sity for the broad-contact space-grown-substrate laser is 
850 A/cm’. Figure 2 shows the L-I [light output power 
vs. current] curve of a H’-bombardment stripe laser on a 
space-grown substrate under CW operation at room 
temperature. The threshold current 1s 5O mA and the 
light output power is 30 mW. The minimum threshold 
current is 20 mA. The L-I curve of some lasers has a kink 
and 1s not linear. Figure 3 shows the laser spectrum 
under CW operation at 30°C. The wavelength 1s 857 
nm and the spectral half width ts 0.3 nm 
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Figure 1. Structure of GaAs/AlGaAs DH laser 














JPRS-CST-91-010 
17 May 1991 











8) 
ha 
Y 

3 a 
© 
Ay 

le 
ay 
+ 
3 

© — 

3 
+ 
ia 

db «10k 
od 
pl 

1 ! . 
50 100 150 200 


de Current (mA) 


Figure 2. L-1 Curve of GaAs/AlGaAs DH Laser Fabri- 
cated on Space-Growth Substrate 











Figure 3. Spectrum of GaAs/AlGaAs DH Laser on 
Space-grown Substrate in CW Operation 
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IV. Preliminary Life Test 


The procedure for this preliminary life test is to operate 
all CW devices at 2 mW for 8 hours at 60°C. It is also 
known as a pre-screening step 


After this preliminary life test, approximately half of the 
CW lasers fabricated on space-grown substrates showed 
signs of early deterioration. The remaining devices could 
still function in CW operation. However, compared to 
pre-test L-I curves, the behavior has changed. In general, 
the threshold current rose significantly. Figure 4 shows 
the L-I curves of two typical lasers before and after 
screening. (a) shows L-I curves before screening and (b) 
after screening. The L-I curve for the laser on the left has 
kinks at 1.5 mW and 10 mW before screening. After 
screening, the kinks disappeared. The L-I curve became 
more linear and the threshold current rose slightly. 
Between 1.5 and 10 mW, the L-I curves essentially 
overlap each other before and after aging. There 1s little 
deterioration for this laser. The right side of Figure 4 is 
another laser. After pre-screening, its threshold current 
rose; and n, fell: it deteriorated by more than 5 percent. 
Based on pre-screen data, the lifetime of these lasers at 
room temperature is estimated to be ranging between 
several hundred to several thousand hours. Because the 
life test has not been completed, actual lifetime of these 
lasers is not available. Figure 5 shows the distribution of 
threshold current of CW lasers after pre-screening. 
Approximately 12 percent are under 40 mA. The highest 
proportion, approximately 22 percent, are between 50 
and 60 mA. 
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Figure 4, L-I Curves of Two GaAs/AlGaAs DH Lasers 
Before and After Pre-screening 

Key: (a) L-l curves before pre-screening; (b) L-I curves 

after pre-screening 
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Figure 5. Frequency Distribution of Threshold Current 
of Lasers Made on Space-grown Substrate 





V. Discussion 


Space-grown GaAs is scarce and research in this area has 
just begun. On a single piece of space-grown substrate, 
room-temperature CW lasers were successfully fabri- 
cated. Based on preliminary life test data, their lifetimes 
range from several hundred to a few thousand hours. 
Although this is not very long, it is nonetheless very 
encouraging. The following is a discussion On the causes 
that lead to their rapid deterioration and relatively short 
lifetime. 


The major cause of deterioration for a GaAs/AlGaAs 
DH laser is the formation of dark-line or dark-point 
defects in the active region. The formation of such 
defects is closely related to dislocation. A part of the 
defects in the epitaxial layer is due to the epitaxy process 
and the rest is an extension from the substrate. Surface 
defects on the substrate, to some extent, have an impor- 
tant effect on defects in the epitaxial layers. Therefore, 
defect density in the epitaxial layers is dependent upon 
that on the substrate surface; this affects the yield and 
quality of the device.'®! 


Crystal growth in space is subject to many limitations 
and constraints. Due to energy and load limitations, it is 
not possible to lower the temperature over an extended 
period of time during growth. Other studies on this 
space-grown crystal!*:°”) show that it is not homoge- 
neous and its defect density is also relatively high. The 
dislocation density of the space-grown single-crystal sub- 
strate is 1.7 x 10° cm”. It is estimated that the disloca- 
tion density of the DH epitaxial layer is of the same 
order of magnitude as that of the substrate, which 1s 
high. This causes rapid deterioration of the lasers and 
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short lifetimes. Conditions to grow crystals in space must 
be improved in order to demonstrate the superiority of 
single crystals grown under microgravity. 
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[Text] 


Abstract: This paper presents the design of a 2-GHz 
GaAs trequency divider independently developed in 
China. The design was proven feasible based on results 
from experimental circuits 


1. Introduction 


The GaAs VHSIC [very-high-speed integrated circuit] 
has important applications high-speed computers, 
electronic warfare systems and high-precision instru- 
mentation. Since the successful realization of the first 
GaAs logic IC in 1974,'"! it has been rapidly developed 
tor over a decade. To date, there are reports on a 6 k gate 
array'-! and on the successful development of a 6.0- 
10.5-GHz dynamic frequency divider using the 
advanced WS: [tungsten silicide] auto-alignment 
technique.'*! The technology is still in its infancy in 
China. This paper presents the design of a 2-GHz fre- 
quency divider developed domestically. Compared with 
an experimental circuit, satisfactory results were 
obtained. Therefore, the feasibility of the design 1s 
demonstrated 


Il. Selection of Logic and Unit Circuit Format 


There are several mature frequency-divider logic 
circuits The present design employs a single-clock 
logic circuit with a master-slave flip-flop, because it can 
operate continuous over a wide frequency range from dc 
to the maximum clock frequency. It also works with 


waveforms at any duty ratio. A single clock 1s for ease of 


use in the circuit 
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Figure 1(a) shows a [combinational] circuit composed of 
AND and NOR logic gates [physically realized by a 
combination of NAND and AND gates—JPRS]. The 
unit logic-gate circuit uses a buffered FET logic (BFL) 
format because of its high logic swing, better interference 
resistance, fast speed, and ease of fabrication due to use 
of the depletion-type GaAs MESFET as the source. 
Although the BFL format requires more devices and 
consumes more power, it 1s still very appropriate in a 
medium-size circuit. The circuit diagram for the gate 
circuit 1s Shown in Figure 1(b). 


III. Device Design and Fabrication-Process Design 


Device and tabrication-process design can proceed based 
on the above logic and circuit and the following oper- 
ating conditions: power supply V,,,, =4 V and Vq& =-3 
V. logic swing V,, = 2.5 V, high-voltage and low-voltage 
de noise tolerance Vy. O.5 V. and maximum clock 


frequency f,, 2 GHz 


The pinch-off voltage of the device ts determined first. 
The technique used 1s 10n implantation. The effective 
Q.2 micron and the mean 


active-layer thickness 1s a 

Carrier concentration is N 1 x 10'’ cm™*. Then, the 
pinch-off voltage is U,, = -2.7 V, where €, = 8.86 x 10°'* 
Fem, e.= 13.1.4 =4000 cm- V's’ andq=1.6x 10 
C. 


DC Characteristics 


Results of dc transport characteristics based on the 
Shockley model, including source and drain parasitic 
resistance, reported in references [5] and [7] are shown in 
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Figure 1. (a) Logic Diagram for Frequency Divider Made from AND and NOR Logic Gates and 
(b) Unit Gate Circuit Diagram 
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Figure 2. They represent the transport characteristics of 
the logic amplifier stage and level shift buffer stage, 
respectively. In the figure, B is the transconductance 
ratio (1.e., ratio of gate width to length ratio) of the load 
device and the input driver. From the figure, we know 
that when 6 is 0.6 for the logic amplifier and when 6 is | 
for the buffer stage, a unit logic gate with dc noise 
tolerance V,, 2 0.5 V and good buffer-following charac- 
teristics can be obtained 


Transient Characteristics 


Figure 3 depicts the waveform of the frequency divider 
shown in Figure |; in Figure 3, (a) 1s the ideal waveform 
(without gate delay) and (b) 1s the actual wavetorm with 
a unit logic-gate delay time t. In order to allow the 
frequency divider to operate normally, 2 t must be less 
than one half of the clock cycle (T), 1.e.: 

21S T/2 ort S T/4 (1) 
Equation (1) shows a requirement on the unit logic gate 
imposed by the frequency divider, which also serves as a 
basis for design. The relation between gate delay and 
operating parameters of the device is as follows:'*? 

t= 4/3 C,/kV,, (2) 

where k = pe e./2a x W/L, W and L are the width and 
length of the gate, and C, 1s the equivalent load capaci- 
tance. For the 2-GHz frequency divider, t = 120 ps and 
C, = 0.15 pF. From equations (1) and (2), it is possible to 
estimate the width-to-length ratio of the load device 
(W/L). 5.8 
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Because § = 0.6, the width-to-length ratio of the effective 
input driver 1s 


(W/L) ~ 97 


etl driver 


In an actual AND/NOR logic circuit, there are four 
terminals at the input end, two sets in parallel with two 
in series each. Therefore, the width-to-length ratio 1s 
doubled. However, the fabrication process uses a double- 
gate structure. Therefore, the width-to-length ratio is 1.6 
times its effective value, 1.e.: 


(W/L) 


= 15.5 


driver 


Finally, we have 


4 = 9, (W/L) = =15 


driver 


18, and( W/L) 


buffer 


(W/L)ics 


From the pattern designed based on the above condi- 
tions we can calculate its parasitic parameters. By taking 
fabrication conditions into account, it can be calculated 
as follows: The sheet resistivity due to 10n implantation 
into the active layer 1s 


Revers = 1/Nqpa = 555 ohms per square 


Let the specific resistance of ohmic contact be Ry. = 1 x 
10° ohm-cm*. The gate length is | micron, the gate- 
source and gate-drain distances are 2 microns each and 
the ohmic contact hole is 10 x 10 micron*. Then, the 
drain and source parasitic resistance (including source- 
gate and drain-gate volume resistance and ohmic resis- 


tance at the lead) 1s 
R 10x 10x 10° = 


R, load = s oad Square 
121 ohms 


10) +R. 
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Figure 2. Transport Characteristics of: (a) Logic Amplifier Stage With BFL Logic Gates; 
(b) Voltage-Level Shift Buffer Stage 
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For the input driver (10 x 16 micron? contact hole), its 
parasitic resistance 1s 


Ry driver ~ R 
= 79 ohms 


=(R x 2/16)+R/10x 16x 10° 


S$ driver square 


The capacitance per unit gate area (zero bias) 1s 


! (s28.4N y" 
C,= —_ 
2/ 2 V 3; 
= 0.0008 pF/micron* 





where V,, 1S the built-in gate potential which is 0.7 V. 
The input capacitance of each input driver 1s 


( =C,, x (1 x 18) = 0.0144 pF 


Rg driver 


where the load capacitance C; = 3X Cy giver = 0.0432 pF 
and the lead capacitance is 0.005 pF. Based on the model 
given in reference [7], it 1s possible to obtain the output 
waveform of each logic gate in response to a 2-GHz input 
signal, as shown 1n Figure 4. V,, 1s the single-gate output 
waveform. The waveform on top is before the shift. This 
shows that it can operate at that frequency. Figure S(a) 
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Figure 4. Computer Simulated Input and Output Wave- 
forms of GaAs Logic Gate at 2 GHz Based on a Model 
in Reference [7]. 





[photograph not reproduced] shows the test result of a 
prototype circuit built by Shanghai Institute of Metallurgy. 
The frequency spectrum shows that it has excellent 1.5- 
GHz frequency-divided output characteristics with a 3- 
GHz clock frequency. This is because the actual gate 1s 
slightly under | micron. A photograph of the device chip 1s 
shown 1n (b) [not reproduced] 
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Figure 3. Waveform of the Frequency Divider. (a) Ideal Condition, (b) Actual Waveform With Gate-Delay Time . 
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IV. Conclusions 


Compared with the experimental circuit, the design of 


the GaAs frequency divider presented in this paper 
yielded very satisfactory results. This demonstrates that 
it is an effective method for designing high-speed GaAs 
logic circuits. 
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Further Reports of Domestic R&D of Integrated 
Circuits 


29 Research Projects Pass Acceptance Check 


9/P60134a Beijing ZHONGGUO DIANZI BAO 
[CHINA ELECTRONICS NEWS] in Chinese 13 Feb 
Yi pl 


[Article by Xie Yannan [6043 3601 0809}: “Integrated 
Circuit Basic Technology Research Results Are Gratify- 
ing” ] 


[Summary] Involving the combined efforts of over 2000 
scientists and engineers over a five-year period, 29 
special-topic research projects in LSI basic technology 
and applications passed acceptance check on 24 January 
[1991] in Beijing. The principal achievements of these 
leading-edge microelectronics projects have reached the 
mid-eighties international level. Included are research 
on the structures, physical characteristics, and fabrica- 
tion processes for GaAs VHSICs, HEMTs, 3-D ICs, and 
similar devices; on materials and thin-film preparation 
methods suitable for fabrication of VLSI chips; and on 
the theory and practical aspects of new-generation 
devices. The GaAs samples devices—some of which 
have already been incorporated into equipment now 
being tested by the military and by civilian satellite 
communications authorities—were jointly developed 
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and tabricated by the CAS Institute of Physics, the CAS 
Institute of Semiconductors, and MMEI's Research 
Institutes 13 and $5 


GaAs Monolithic Optical Receiver, InGaAs 
Monolithic Receiver 


9/P60134b Beying ZHONGGUO DIANZI BAO 


[CHINA ELECTRONICS NEWS in Chinese 22 Feb 


Q] p ] 


[Article by Xiao Yuanzhen [5135 0337 4176}: “CAS 
Develops Optoelectronic Integrated Circuits”] 


[Summary] Two mid-eighties-level optoelectronic inte- 
grated circuits (OEICS) recently developed by the CAS 
Shanghai Institute of Metallury—a GaAs monolithic 
optical receiver and an InGaAs monolithic receiver— 
have passed the relevant expert technical appraisal. The 
two OEICs, which have applications in very-high-speed 
high-capacity optical communications and in optical 
information processing, can receive extremely weak 
optical signals in the 0.8-0.9 and 1.0-1.6-micron bands, 
respectively; they also amplify the incoming signal cur- 
rent 





Iwo Key Research Projects Pass Appraisal 
¥/P60134c Beying KEJI RIBAO [SCIENCE AND 
TECHNOLOGY DAILY) in Chinese 26 Feb 91 p 2 


[Article by Zhou Axin [0719 7093 2946]: “Young 
Researchers at CAS Microelectronics Center Complete 
Two Key Projects” 


[Summary] Young research fellows at the CAS Micro- 
electronics Center have recently completed two key State 
Seventh Five-Year Plan research projects, entitled 
‘“Small-Size Device Performance and Physical Limits” 
and “interface Characteristics of Thin-Film Gate Struc- 
tures for VLSI Circuits.” At the formal appraisal jointly 
arranged the other day by MMEI and CAS, the experts 
unanimously agreed that the results in these two projects 
are at the state-of-the-art. Using less than one-tenth the 
funds that would have been spent on imports of such 
equipment, the researchers independently developed a 
“self-aligning GaAs FET™ and a “sub-micron-size short- 
channel device’; these devices will be of great benefit in 
the development of microwave communications and the 
fabrication of VLSI circuits for use in the defense and 
aerospace industries 


Effect of Annealing Damages on Luminescences of 
Er, Yb-I[mplanted GaAs and InP 

401000404 Beijing BANDAOTI XUEBAO [CHINESE 
JOURNAL OF SEMICONDUCTORS] in Chinese Vol 
}? Vp ) Feb 9] pp 80-86 


[English abstract of article by Cao Wanghe and Chang 
Liansu (Changchun Institute of Physics, CAS) (MS 
recevied 18 Oct 89)] 
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[Text] The photoluminescence of Er’ or Yb*-implanted 
GaAs and InP after annealing is reported. The surtace 
distribution of Er ions in GaAs: Er annealed samples !s 
analysed by secondary 10n mass spectroscopy (SIMS), 
and the rocking curves of the related luminescent sam- 
ples are measured by X-ray double crystal diffraction for 
GaAs: Er, InP:Er and InP:Yb. The effects of the 
annealing damages on the luminescence of GaAs: Er and 
InP:Yb are investigated, and the luminescent center 
model of Er** complex is discussed. 


Annealing Properties of TiSi,/GaAs Schottky 
Contacts 

40100040B Beying BANDAOTI XUEBAO /CHINESI 
JOURNAL OF SEMICONDUCTORS) in Chinese 
Vol 12 No 2, Feb 91 pp 114-119 


[English abstract of article by Qian He and Luo Jinsheng 
(Division of Microelectronics Technology, Xian Jiao- 
tong University) (MS received 12 Mar 90)] 


[Text] Thermal stability, chemical stability and electrical! 
characteristics of TiSi,/GaAs Schottky contacts formed 
by e-gun [electron-beam] multilayer evaporation have 
been investigated. It 1s found that after rapid thermal! 


annealing (975°C, 12 s), the TiSi,/GaAs contact 1s of 


good thermal stability, chemical stability and of excel- 
lent electrical properties. After conventional turnace 


annealing (800°C, 20 min), there 1s some accumulation 
of T: and some chemical reaction at the intertace. It 
rapid thermal annealing 1s used, TiSi, will be a good gate 


material for selt-aligned GaAs MESFETs 
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Optical Bistability in a GaAs/GaAlAs 
Multi-Quantum Well (MQW) Self-Electrooptic 
Effect Device (SEED) 

40100040C Beying BANDAOTI XUEBAO [CHINESE 
JOURNAL OF SEMICONDUCTORS] in Chinese 

Vol 12 No 2, Feb 91 pp 120-124 


[English abstract of article by Wu Ronghan, Duan 
Hailong, et al. (Institute of Semiconductors, CAS, Bei- 
jing) (MS received 3 Jul 90)] 


[Text] Based on a GaAs/GaAlAs MQW pin structure 
grown by a home-made MBE system, we have success- 
fully fabricated SEED. The optical bistability and related 
properties of the device under symmetric operation 
(S-SEED) and asymmetric operation are reported 


Photo-EPR Study of Cr**(3d*) State in GaAs:Cr 
40100040D Being BANDAOTI XUEBAO /[CHINES!I 
JOURNAL OF SEMICONDUCTORS] in Chinese 

| / ] 2 \, 2 Feb Y) pp ]25- ] D8 

[English abstract of article by Mao Jinchang, Fu Jisha, et 
al.. (Department of Physics, Being University) and 
Wang Yonghong and Ma Bichun (Beying General 
Research Institute of Non-Ferrous Metals)] 


[Text] The photo-EPR Study of Cr*” in Semi-insulating 
GaAs:Cr is reported. The experimental results show that 
there 1s a maximum of the Cr** EPR signal amplitude as 
a function of temperature in the temperature range 
20-30K. It is discovered tor the first time that after 
turning off the white light the Cr** EPR signal increased 
betore coming to decay. Neutron irradiation can restrain 
the Cr°** EPR signal, but almost has no influence on the 


Cr-* signal 
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Preparation of High-J. YBa,Cu,0,_, 
Superconducting Thin Films by Ion- 
Beam-Sputtering Deposition 
401000394 Beying DIWEN WULI XUEBAO 
[CHINESE JOURNAL OF LOW TEMPERATURI 
PHYSICS) in Chinese Vol 13 No 1, Jan 91 

a ) dpr 90) pp 30-34 


} ) 
manuscript recelved fe 


[Article by Chen Guoliang, Ren Congxin, et al.; lon 
Beam Laboratory, Shanghai Institute of Metallurgy 
CAS, Shanghai, 200050] 


[Abstract] Preparation of high-Tc and high-Je 
YBa,Cu,0,., superconducting thin films by ion- 
beam-sputtering deposition is reported. The main fac- 
tors affecting the composition of the films and the 
Orientation of the crystal grains have been examined 
Experimental results show that the Y, Ba and Cu com- 
position of as-deposited films can be conveniently and 
accurately adjusted by a combined sputtering target 
which consists of a large sintered target of YBa,Cu,0., 
and a small one with Ba and Cu enriched 
(YBa, ,Cu, ,0,. The technology for fabricating highly 
oriented superconducting thin films 1s described, and the 
YBa,Cu,0,_, superconducting films with zero resistance 


at 88-90.5K and critical current density Jc (at 77K) of 


1.5.x 10°A/cm are obtained 


Estimate of Critical Current Density on 
High-Temperature Superconductor Composite of 
Metal Matrix 
40100039B Beying DIWEN WULI XUEBAO 
[CHINESE JOURNAL OF LOW TEMPERATURI 
PHYSICS) in Chinese Vol 13 No 1, Jan 91 

) t received 23 Mar 90) pp 41-44 


p>? pr? rir 
Te ELEC AY ‘ 


[Article by Ding Shiying and Zeng Chaoyang: Depart- 
ment of Physics, Nanjing University, Nanjing, 210008] 


[Abstract] The critical current density Jc tor high- 
temperature superconductor composite block embedded 
in metal matrix ts estimated. The calculation shows that 
Jc 18 proportional to the metal conductivity, the geo- 
metric anisotropy of the high-temperature supercon- 
ductor and the space of the block. With the criterion 
being | uv/cm and the resistivity being 10°” ohm-cm, Jc 
is higher than 10*A/cm* at 77 K and zero applied field 
The additional advantages of the composite are dis- 


| 
cussed as well 
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Preparation of 125K TIBaCaCuO Superconductor 
and Its Tc Degradation 

40100039C Beying DIWEN WULI XUEBAO 
CHINESE JOURNAL OF LOW TEMPERATURE 
PHYSICS] in Chinese Vol 13 No 1, Jan 91 

MmManuscripi received l6 Feb YU) pp 45-48 

[Article Yu Zheng, Ding Shiying, et al., Department of 
Physics, Nanjing University, Nanjing, 210008] 


[Abstract] TIBaCaCuO superconductor with Tc = 125K 
has been prepared by a step sintering method. The 
samples mainly consist of Tl,Ba,Ca,Cu, QO, and 
T1,Ba,CaCu, OQ, phases. This can be seen trom the 
XRD, EDAX, HRAX, HREM and ED examinations 
The degradation test on T. and other parameters has 
been lasting for one year, and Tc shows a profound 
decrease. The cause of this degradation is discussed 


A 12T NbTi-Nb,Sn Hybrid Superconducting 
Magnet System 

40100039D Beying DIWEN WULI XUEBAO 
[CHINESE JOURNAL OF LOW TEMPERATURE 
PHYSICS) in Chinese Vol 13 N 


Mi 7 fs 7 , rr . 
PPTL USC ripl received < Var YU Ppp »¥-00 


I, Jan 9! 


[Article by Chen Zongzhi, Pan Quanh and Wu XNuulan; 
Shanghai Institute of Non-Ferrous Metals, Shanghai, 
201600] 


[Abstract] The design, tabrication and experimental 
results of the NbTi-Nb,Sn hybrid superconducting 
magnet system with a clear bore of 30.3 mm are 
described. The maximum operational central magnetic 
field of the magnet is 12 T at 4.2 K. The homogeneity of 
the central tie.d and the operational current stability are 
more than 2.7 x 10° (1 cm DSV) and 4 x 10°/h 
respectively. The time for exciting the magnet up to 127 
is 40 min. The magnet weighs 25.4 kg 


Preparation of Densified Bi-Sr-Ca-Cu-O 
Superconductor 

40100038 Bevying GULISUTANYAN XUEBAO 
JOURNAL OF THE CHINESE CERAMIC 

SOCIETY) in Chinese bol 18 No 6, Dec 90 


Ss 


manuscript received 25 Jun 90 pp 0 1-564 


[Article by Zhao Meryu, Li Cheng’en, et al.. Shanghai 
Institute of Ceramics, CAS] 


[Abstract] The effect of composition, molding method 
and sintering process on the density of Bi-Sr-Ca-Cu-O 
superconducting bulk materials 1s studied. The exper- 


mental results show that 107K Bi-Sr-Ca-Cu-O supercon- 
ducting ceramics of density as high as 6.10 g/cm’ can be 
made by using high-Pb content composition 
amounts of Sb 

annealing process 


small 
or W"* and a sintering-hot pressing- 
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High-Temperature Oxide Superconductor 
Double-Hole RF-SQUID 

40100036 Beying DIWEN WULI XUEBAO /CHINES?E 
JOURNAL OF LOW TEMPERATURE PHYSICS 

n Chinese Vol 12 No 4, Jul 90 pp 289-295 (MS received 


S Lob 
re SY 


[English abstract of article by Qiu Jingwu, Zhang Nian- 
teng. Tang Zhiming. and Qian Yongjia of the Depart- 
ment of Physics, Fudan University] 


[Text] A double-hole RF-SQUID made trom sintered 
bulk YBCO has been developed. At both 77K and 4.2K. 
the devices display the typical flux modulation charac- 
teristics of the external field and operate in the lock 
mode. At 77K, equivalent flux noise of the device is 2 x 
10°* @Hz' * [@ (the magnetic flux quantum) is about 
2.07 x 10°’ gauss-m*] near the dc end and the noise level 
is decreased to lower than 5 x 10% @,/Hz' * in the range 
from 20 to 200 Hz. The characteristics of the device 
show similarities to those for a liquid-helum conven- 
tional RF-SQUID. There is no detectable change in 


behavior of the device after being stored in air or in 
liquid nitrogen tor more than one year and having 
undergone dozens of thermal cyclings between 7 


7K and 
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room temperature. The design and the fabrication of the 
device, determination of critical current and its potential! 


uSe are discussed 


Long-Pulse Laser Deposition Used to Prepare 
YBCO Thin Film With 85K Transition 
Temperature 

91P60136 Beying ZHONGGUO DIANZI BAO /CHINA 
ELECTRONICS NEWS) in Chinese 24 Feb 91 p 3 
[Article by Gao Longqiao [7559 7893 2890]: “Long- 
Pulse Laser Deposition Technique Used for In-Situ 
Growth of Superconducting Thin Film} 


, 
a 


[Summary] Researchers in the Superconductivity Group 
at MMEI’s Research Institute |2 for the first time have 
employed the long-pulse laser deposition technique on a 
zirconium-oxide monocrystalline substrate for in-situ 
growth of a high-quality YBaCuO superconducting thin 
film with a zero-resistance transition temperature of 
SSK. Using a 750°C heater and a lens system to focus the 
laser beam onto the rotating target, the researchers 
needed only 15-20 minutes to deposit the 0.6- 
0.8-micron-thick film, which has good bmnghtness and 
crystalline characteristics 
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Prospective Development of High-Flux 
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second phase of the inspections is completed, the max 
imum average tuel consumption of the single rods in the 
assemblies could be as high as 51 GW.d/t(U)), which are 
equivalent to the average unloaded fuel consumption of 
3§ GW.d/t(U)) and 42 GW.d/(U) at Daya Bay Nuclear 
Power Plant. At that time, the fuel consumption of the 
high-pertormance tuel rods will approach 60 GW.d/t(U) 
Completion of this large comprehensive inspection will 
provide complete data on high fuel consumption prop 
erties and make important contributions to the safety 
and economy of nuclear power plant operation in China 
and the shift to domestic production of fuel assemblies 


The HEETR has prepared specific conditions for exper- 
imental research On high- temperature gas-cooled and 
sodium-cooled tast reactors. A large pressurized- steam 
generator equipment foundation 1s installed between the 
four irradiation loops at the - 6.5 m high mark in the 
main plant building. In the area of the reactor structure 
the proper conditions were also left for installing a 
fully-enclosed sodium irradiation device. Looking at the 
long-term plans tor nuclear power development, we 
should arrange tor loop irradiation experiment tasks tor 


new reactor types as soon as possible 


Ihe HEFETR uses highly enriched uranium as a tuel. It 
has a large effective breeding coetticient and a relatively 
large irradiation sample capacity. The core is a water 
deficient dense grid with a harder energy spectrum than 
heavy- water reactors and swimming pool light-water 
reactors. Moreover, the loading configuration can be 
used to make local readjustments in the energy spec 
trum. For example, local increases in beryllium blocks 
will soften the neutron spectrum, while using Cd or B,¢ 
casings to absorb neutrons can increase the fast neutron 
to thermal neutron ratio. This, in addition to the high 
neutron flux and short irradiation cycle, provides enor 
Post- 


irradiation properties data can be obtained within a 


mous advantages for materials irradiation 


short time period, which greatly accelerates the pace of 
new materials development and type determination 


During the Eighth 5-Year Plan, topical research in the 
realm of nuclear power determined by the State Science 
and Technology Commission in its high-tech develop 
ment plan will get underway fully. All sorts of irradiation 
experiments 
be done on new materials (including element cladding 


and properties measurement research will 


reactor structure, reflection layers, screens, and othet 
materials) for high-temperature gas-cooled reactors, fast 
reactors, and fission-tuston reactors and on fuel samples 
to lay a toundation tor development of nuclear tech 
nology in China in the 21st Century. Pressurized- water 
reactors, the primary reactor type tn ( hina at present 
should match up further with scientific research, design 
and production, continue to carry out irradiation prop 
erties research on a new generation of structural mate 
rials and special reactor materials, fully achieve a shift to 
domestic production of reactor materials, and improve 
the economic and technical indices and safety indices of 
Intensive 


nuclear power plants and power reactors 


| 


development of basic and applied research in nucleat 
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materials science also will directly promote development 
and perfecuion of China's metallurgical, machinery, 
chemical, and other basic industries and make a contr 
bution to the establishment of China’s own complete 
nuclear power equipment manufacturing capability 


Moreover, research will be done at the HEFETR on the 
use Of U,Si,-Zr dispersed plate elements, burnable por- 
sons, and so on in reactors and other irradiation 
research 


Il. Open Up the Depth and Breadth of Comprehensive 
Utilization of Reactors 


Research and experimental reactors in China and foreign 
countries have done a great deal of work in the areas of 
reactor applied research and service in recent years and 
achieved rather good social benefits and definite eco 
nomic benefits. On the basis of previous development 
we should continue to exploit potential in the HFETR 
While attempting to reduce operating costs, we should 
fully utilize the characteristics and advantages of the 
HFETR, meaning that we should complete and place 
into operation the SMW low-power reactor as a supple 
ment for rational utilization. Reinforce surveys of 
market conditions and user needs, information teed- 
back, analysis, and policymaking, orient toward society 
and the national economy, and use the reactor as a basis 
and isotope products as a tap to open up and develop the 
depth and breadth of comprehensive utilization and 
form an integrated scientific research, production, and 
management body. Select projects correctly, establish an 
integrated system for materials, irradiation, processing, 
and product production, achieve scale administration, 
and create more economic benefits and better soctal 
benefits 


\. Radioactive isotope development, production, and 
application services 


As the number of heats and time of reactor operation 
increase at the HFETR, there can be substantial 
increases in isotope Output and specific activity. Radio- 
active isotopes and their associated instruments are 
seeing ever-wider use in medicine, scientific research 
and many industrial departments. High activity medical 
diagnosis isotopes produced by the HFETR like °’Co 
highly-radioactive medical treatment source, °'Co, | “Tr, 
and other post-installation cavity medical treatment 
sources, and Mo-Tc and Sn-In isotope generators can 
satisfy national demand and we can carry out develop 
ment and applied research on '”*Ir wire-shaped insert- 
able treatment sources, '’'Gd bone density measure- 
ment sources, '°°I X-ray machine sources, ‘°P, °°S 
“’Sr-"'Y isotope generators, and other pure B radiaoc- 
*T and various radioactive immunization 
boxes | labeled monoclonal antibody boxes, °° Cd 

In Os. 7 te, PPP 1°" Ag. and other medical 


isotope generators 


tive drugs 


( 


Co ‘Tm, “Ir, and other industrial y flaw detection 
sources and matching flaw detectors are simple and 
convenient tools for use in non-destructive testing of 








§2 PHYSICS 


pressure vessels and pipelines of all thicknesses used in 
the petrochemical, metallurgical, machinery, and other 
industries. There are also broad application and devel- 
opment prospects for various types of liquid position 
and materials position sources (counters) used in 
industry, isotope thickness meters and density meters, 
fire alarm sources, °°Fe, '°’Cd, and other fluorescent 
analysis sources, '*C and its labeled compounds, tracer 
isotopes used in petroleum well logging, water conser- 
vancy projects, and so on. The HFETR has obvious 
advantages and large batch supply capabilities in these 
isotope and irradiation production areas. We also should 
try to focus On source machine matching and applica- 
tions service work, continually improve performance, 
and achieve automation and microcomputerization. We 
Should establish an isotope and nuclear technology 
applied research center 


Moreover, using high-flux reactors for irradiation and 
production of transplutonium elements is an important 
project developed in foreign countries. The transpluto- 
nium elements ***Pu, **!'Am, 74°Cm, **°Cm...°°'Cf, and 
sO on have important uses in nuclear medicine, the 
military, and high scientific and technical realms (such 
as heart pacemakers, space energy sources, and sea- 
bottom cable amplifiers) 


B. Irradiation processing research and applications 


he HFETR and its 5MW low-power reactor have 
various types of neutron irradiation spaces and the 
largest irradiation processing capacity in China. The two 
reactors can irradiate 20 to 30 tons of monocrystalline 
Silicon annually. As China’s electronics industry 
develops, demand for neutron transmutation doped 
monocrystalline silicon will gradually increase. While 
Stabilizing and improving the quality of irradiation, we 
Should develop irradiation research on large-diameter 
silicon, vertically-pulled silicon, semiconductor compo- 
nent performance control, and so on and actively seek 
foreign users and enter international markets. There are 
excellent development prospects for gem coloring, 
nuclear pore filter membranes, and so on 


Success has already been achieved in using the y irradi- 
ation field of fuel elements removed from the HFETR 
and in the production of industrial cobalt sources in the 
area of radiation cross linking for heat shrinking to make 
polyethylene products, and irradiation processing will 
develop trom plants that produce raw materials to pro- 
ducing products. y irradiation modifies polymer mate- 
rials and has a broad range of uses in the plastics and 
rubber industries and in the chemical, textile, precision 
petroleum refining, and other industries, and y irradia- 
tion can be used for sterilization of medical machinery, 
drugs, cosmetics, etc., and for food preservation, 
breeding improved varieties, and so on. We should 
Strengthen research, development, and cooperation, 
actively strive for and create the proper conditions, and 
establish a large irradiation station and associated plants 
at Chengdu with a design capacity of | million curies to 


make the Southwest China Irradiation Processing 
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Applied Research Center and strive for even greater 
economic benefits and better social benefits 


IV. Reinforce Domestic and International Exchanges 
and Cooperation 


The state spent an enormous amount of money to build 
the HFETR. To fully utilize 1t and make the appropriate 
contributions to the development of China’s nuclear 
industry and S&T, we must make major efforts to 
develop domestic and international exchanges and coop- 
erative applications. 


The neutrons and y field of the HFETR can provide 
research services for the development of the materials 
and nuclear fuels sciences, solid phvsics, neutron 
physics, radiation chemistry and irradiation chemistry, 
isotopes and their applications, and other areas. The 
relevant experts can come to the HFETR on fixed o1 
non-fixed schedules for cooperative research as well as 
bring their own project topics. It can be used to train 
personnel for nuclear power plants 


Research organs, universities, and experts from Japan, 
the United States, Brazil, Chile, and the International 
Atomic Energy Agency have expressed interest in using 
the HFETR for research on materials irradiation, plate 
fuel element inspection, nuclear measurements, low con 
centration of fuels used in research reactors, and other 
areas. We should try to create the conditions to make the 
HFETR China’s window to the outside world, undertake 
wide-ranging substantive international cooperation and 
exchange, improve academic and technical levels in 
China, and promote the development of the nuclear 
sciences in China 


\. Perfect the Facility, Make It a National Laboratory 


The HFETR 1s a large comprehensive experimental. 
engineering applications, and research facility and has 
also become known as a “tool reactor’. It was not 
constructed mainly for its own unit or to serve the 
nuclear industry system, but instead should be an impor 
tant link in the state’s overall scientific development 
plans. Most research and experimental reactors of this 
type in foreign countries are national laboratories 
Undertaking comprehensive utilization of the research 
reactor for China and foreign countries can provide 
definite economic benefits, compensate for part of the 
cost of its operation, and reduce the state’s financial! 
outlays. If we depend mainly on the reactor itself to 
continue operation, we will inevitably create many arti- 
ticial obstacles that will greatly restrict utilization of the 
HFETR, which will lose the goals and importance of 
reactor construction to a substantial degree. This would 
have extremely negative long-term consequences for the 
nuclear industry and state S&T development 


To truly achieve opening up of the HFETR to the outside 
world and utilization, we must gradually perfect and 
improve the HFETR and its experimental facilities 
Examples include updating of reactor equipment and 
instruments, perfection of safety facilities and processing 
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of the three wastes (waste water, waste gas, and industrial 
residues), construction of irradiation loops, improve- 


ment of irradiation devices and technology, pertection of 


post- irradiation inspection and testing measures, and so 
on 


For this reason, the HFETR should become a national 
laboratory and receive key state support to confirm the 
status and role it should have. Make it one of the world’s 
most advanced high-flux engineering test reactors, fully 
foster its advantages and functions for irradiation 
inspection of nuclear fuel and materials, promote a shift 
to domestic production in China’s nuclear power 
industry and the development of power reactors and new 
types of energy source reactors, promote domestic and 
international cooperation and exchange and personnel 
training, promote wide-ranging applications of nuclear 
power and nuclear technology in all realms of China’s 
national economy, accelerate improvements in the levels 
of nuclear S&T in China, and contribute to a takeoff in 
the cause of science during the 21st Century. 


Nation's First Pulsed Reactor Goes Critical 
YIFEOZOOA Betyjinge GUANGMING RIBAO in Chinese 
I? Jan Yl pl 


[Article by Zhang Zuhuang [1728 4371 3874] and Ye 
Hui [0673 6540]: “Nation’s First Pulsed Reactor Goes 
Critical’’] 


[Text] A piece of good news came from the southwest on 
New Year's Eve. China’s first pulsed reactor has been 
completed and its power level was increased after 
reaching hot critical state. This marked that China has 


become the second nation in the world capable of 


constructing such a nuclear reactor behind the U.S. 


China Research and Design Institute for Nuclear Power 
(originally the First Research and Design Institute of the 
Ministry of Nuclear Industry) located in the Erme: 
Mountains in Sichuan 1s the largest nuclear power base 
in China. In the past 25 years, it has built China’s first 
nuclear powered submarine, the first high flux reactor. 
and now the first pulsed reactor. 1t has made significant 
contribution to the development of nuclear power in 
China 


Ihe pulsed reactor was seen by reporters in the Second 
Research Institute. It was installed in a 2 m diameter 7 m 
deep pool. The fuel elements were clearly in sight 
through the crystal clear water. According to Associate 
Director Li Dazhong [2621 6671 1813], the pulsed 
reactor was completed in July 1990. Fuel was loaded on 
July 18 after it was certified by the Nuclear Safety 
Bureau. On July 22, it reached cold critical state. After 
reaching hot critical state and raising power, it can be 
pulsed to begin normal operation 


According to senior engineer Li Yingfa [2621 2503 
4099], this 1s an idiot-proof reactor It 1s just like a 
fool-proof camera, anyone can operate it without any 
incidents. This is the safest reactor in operation today 


PHYSICS §3 


After the construction of numerous nuclear power plants 
all over the world, scientists began to consider a new 
problem. How can reactors be operated safely with less 
dependence upon electrical and mechanical control? 
How can reactors be safely constructed in large urban 
areas so that atomic power can be better utilized? The 
technical staff at China Research and Design Institute 
for Nuclear Power began working on this subject in the 
late 1970’s. They dedicated their efforts and voluntarily 
put in extra hours on weekends and holidays without any 
bonuses and overtime just like how people worked in the 
1950's and 1960's. Senior engineer Xu Linxiang [1776 
2651 4382] was suffering from an infection in his mouth 
during zero power testing. he could not open his mouth 
to talk and eat. Nevertheless, he still remained at his 
post. Project leader Wang Zisheng [3769 2737 3932] 
could not go home to attend his mother’s funeral. 
Technical leader Xia Xianggui [1115 4382 6311] trav- 
elled all over the place carrying medicine on him despite 
his heart condition. The technical staff overcame a large 
number technical hurdles including physical computa- 
tion and measurement of pulsed reactor parameters 
within a short period of time. 


The pulsed reactor was constructed under extreme tight 
budget. They tried a variety of ways to save money. The 
main facility was located inside a modified old building. 
When they were making fuel elements in an arc furnace, 
they learned that a new technique was just developed. 
Immediately, they began to study this approach. Under 
the guidance of nuclear fuel expert Dai Shouhu: [2071 
0649 1920], senior engineer Jiang Bingyu [5592 0014 
3768] spent years and finally overcame all the difficul- 
ties. This effort not only ended up in world class results 
but also saved the government over | million yuans !n 
equipment alone 


Based on the experts on hand, this nuclear reactor 1s the 
most advanced kind in the world. it uses a special 
uranium-hydrogen-zirconium moderating fuel. when the 
reactor power increases abruptly, this moderating agent 
can instantaneously produce a negative temperature 
coefficient to automatically regulate its power. There- 
fore, itis inherently safe and can be constructed in urban 
areas Or even in universities and large corporations. 
Because of its compact core design and simple structure, 
the safety and protection requirements are less stringent 
Hence, its construction cost and operating expenses are 
lower. If it 1s used to generate electricity, its cost can be 
drastically reduced. Therefore, it has a bright prospect of 
becoming a commercial product. 


Notes Concerning Pulsed Nuclear Reactor 


\ pulsed nuclear reactor 1s a multi-purpose small pool 
type reactor operating On a unique uranium- 
hydrogen-zirconium fuel. Compared to other types of 
reactor, the most distinct difference 1s that it not only 
can be run in a more stable fashion but also can reach 
critical instantaneously and safely begin pulsed opera- 
tion. Within a short period of time, reactor power and 
neutron flux can be increased by several thousand times 
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Its primary applications include: (1) isotope production, 
(2) neutron activation analysis, (3) neutron photography, 
(4) radiation experiment, (5) scientific research, and (6) 
training of teaching and other relevant personnel. 


Due to its intrinsic safety features, not only the reactor is 
simple but also many safety devices are omitted. There- 
fore, the entire system 1s simple in design, less costly to 
construct and operate. It 1s especially suitable for use in 
China. It will raise the level of nuclear technology for 
civilian use in China 


Beijing Positron-Electron Collider Update 


3.5 Million J Particle Events 


Y/FEO300B Hefei. ANHUI RIBAO in Chinese 
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[Article by correspondent Chen Jinwu [7115 6855 2976}: 
“3.5 Million J Particle Events Obtained by Beijing 
Positron-Electron Collider™’} 


{Text} Beijing Positron-Electron Collider has collected 


+ 


more than 3.5 million J particle events over two years of 


high energy physics experiments. Some interesting 
results were obtained. This study has attracted a great 
deal of attention in the international high energy physics 
community. 


Since the first successful collision on 16 Oct 88, Beying 
Positron-Electron Collider has been in stable operation 
for over 10,000 hours. This outstanding record provides 
technical assurance for high energy physics experiment 
and synchrotron radiation research. 


According to Associate Director Zheng Zhipeng [6774 
1807 7720] of the Institute of High Energy Physics of the 
Chinese Academy of Sciences, some of the high energy 
physics experiments conducted on the Beijing Positron- 
Electron Collider have provided evidence for the anal- 
ysis of J particie decay paths which enables us to further 
understand the decay characteristics of J particles. 


He pointed out that J particle is the first type of a class of 


large mass, long life mesons. It was discovered by Chi- 
nese American physicist Samucl Chao Chung Ting and 
American physicist Burton Richter in 1974 from inde- 
pendent studies. The discovery of the J particle demon- 
strated the presence of charmed mesons, a fourth stra- 
ton, and thus created the field of charmed physics. 


Just as the same as the discovery of other fundamental 
particles such as molecule, atom, nucleus, proton and 
neutron, the discovery of J particle provided a more 


profound understanding of the microscopic structure of 


matters. Nevertheless, scientists still do not understand 
some of its characteristics. There are contradictions 
which cannot be explained. Three positron-electron col- 


liders were used primarily in charmed physics research 
Some important results have been obtained. however, 
the work was stopped because these colliders are not 


bright enough 
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The detector for the Beying Positron-Electron Collider, 
the Beying Spectrometer, has located potential gluon 
events. Theoretically, gluon is an elementary particle 
that is predicted to exist. However, there is no experi- 
mental proof to date. The Beijing Spectrometer may 
contribute in this area of research. 


In addition to high energy physics experiments, the 
Beijing Positron-Electron Collider has been used in 
synchrotron radiation lithography experiments resulting 
in a resolution of better than | micron. This is an ideal 
soft X-ray source for VLSI. Some encouraging results 
were also obtained with the synchrotron radiation device 
in areas such as extended X-ray absorption fine struc- 
ture, gas phase absorption spectroscopy, X-ray topog- 
raphy and X-ray photo-acoustic effect. 


The Being Positron-Electron Collider is operating at a 
collision frequency of 1,250,000 Hz. It not only main- 
tains stable operation over a long period of time but also 
yields so much results so quickly. This is rare in the high 
energy physics community 1n the world. Nobel laureate 
Richter commented that the Beying Positron-Electron 
Collider is the only accelerator operating in that energy 
region in the world and its brightness is also higher than 
any other device operating in that region ever. 


Collider Said To Be at Advanced World Levels 


91FE0400A Beying RENMIN RIBAO in Chinese 
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[Article by Wang Dianchen [3769 3013 5256]: “Being 
Positron-Electron Collider Said To Be at Advanced 
World Levels”’] 


[Text] The first high energy accelerator independently 
designed, developed and constructed in China has 
received very positive response from the international 
high energy physics community owing to the high quality 
of construction and high speed. Among existing acceler- 
ators in the J particle energy range, Beying Electron- 
Positron Collider (BEPC) is the leader in terms of 
brightness (4-5 times higher than that of similar facilities 
in the U.S.), low energy dispersion, stability and reli- 
ability. In the 25th International High Energy Physics 
Conference in Singapore, Nobel prize laureate Burton 
Richter pointed out that BEPC is the brightest collider in 
this energy region. 


BEPC was designed and constructed for two areas of 
applications. In high energy physics research, 1t 1s used 
for the discovery of gluons, hybrid states and other new 
particles and for the study of J physics and D mesons. In 
applied research of synchrotron radiation, because the 
synchrotron radiation emitted by circling electrons and 
positrons has a wide spectral range and 1s continuous!) 
tunable and very bright, and has high flux, low dive: 

gence, excellent polarization characteristics and specific 
time structure, It 1s Superior to conventional light sources 
such as lasers and X-ray machines. It can be widely used 
in solid state physics, surface physics, atomic and mole 

ular physics, material science, biochemistry, biophysics 
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semiconductors, chemistry, microelectronics tech- 
nology, lithography, geology, mineralogy and medicine. 
After two years of operation, BEPC has demonstrated 
that it is fully capable of meeting all the requirements in 
these two areas. It 1s at advanced leveis in the 1980's. 
presently, the collider is in stable operation. High energy 
physics experiments and synchrotron radiation studies 
are in progress. Some preliminary results have been 
obtained. In high energy physics experiments, over 6 
million J particle events have been observed. Programs 
and data bases for analysis have been established to 
some scale. Some off-line results were presented at the 
25th International High Energy Physics Conference in 
Singapore and were praised by high energy physicists 
trom ditterent countries. In synchrotron radiation 
research, new phenomena were discovered in the gas 
phase absorption spectra of alkyl 1odide molecules and in 
the X-ray photoacoustic effect of superconductors. The 
newly constructed photolithography station yielded | 
micron wide lines in the preliminary test stage. Minute 
elements in hair were determined by fluorescence anal- 
ysis. The relation between athelete’s health and the iron 
content in the hair has been discovered. 


The development and construction of BEPC not only 


trained a large number of high-tech talents for China but 
owed us to acquire valuable experience in the 
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organization and management of large scale engineering 
projects. Because a large number of advanced high 
technologies were imported during its development stage 
in the 1980's, this effectively pushes China’s industrial 
technology forward as a result of digestion, absorption 
and diffusion. For instance, breakthroughs of original 
technical limitations have been made in the precision 
machining and welding of disc waveguide accelerator 
tubes and development of high power electrical vacuum 
devices. This improved the overal! industrial level and 
put us among the leaders in the world 


BEPC also won worldwide reputation for high-tech prod- 
ucts made in China and created new products for export 
Chinese made high energy accelerator components such 
as accelerator tubes, way eguide elements and magnets 
are being exported to Europe and the U.S. Bids were 
solicited by BNL tor icuion of a 200 Me\ 


linear injector 


ty 
CONRSUM 


The excellent performance of BEPC 1s attracting scien- 
usts from al! over the world. Many nations have pro- 
posed to conduct joint studies in high energy physics and 
synchrotron radiation research. BEPC’s national labora- 
tory 1s under construction. In the near future, 1t wall be 
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available to scientists from other countries 
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